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ABSTRACT
The paucity of information on placental transfer, maternal-fetal 
absorption and assimilation of iron in swine and sheep were justifica­
tions for this study. Pregnant rats and opossums were utilized for 
initial investigations of the mode of placental iron transport as a 
function of gestation age. Pregnant svine and sheep were dosed with 
a tracer level of iron-59 during each trimester of pregnancy to in­
vestigate the placental transfer and maternal-fetal tissue distribution 
in these species. Results of these studies indicated iron to traverse 
the placental barriers in all species studied and that distribution of 
radio-iron in maternal tissues followed similar patterns. Red blood 
cell iron-09 uptake curves were observed to follow essentially the same 
characteristic curve. Pregnancy exerted no pronounced effect upon pat­
tern of iron assimilation by maternal tissues. Excretory patterns were 
characteristic for iron, and exhibited no statistical differences as a 
result of pregnancy. Observations implied a high rate of iron accretion 
early in prenatal life, with a tendency for dilution by growth with in­
creased fetal age and body weight. Iron deposition in fetal organs and 
tissues paralleled maternal values at each corresponding trimester.
Fetal hemapoietic patterns indicated early contribution by liver and 
spleen, and the role of the red bone marrow increased with advancing 
pregnancy. Swine litters accumulated 120 mg iron by the end of the third 
trimester, while single sheep fetuses had deposited 123 mg iron at this 
period. Fetal iron utilization from stored iron of the fetal complex 
equalled U3 percent in swine and 68 percent in sheep during the last
third of gestation. Theoretical added iron requirements for pregnancy 
were calculated for the four species to aid in the interpretation and 
evaluation of the various factors influencing placental transfer. Results 
with swine indicated that a decrease in utilisation of storage iron could 
be a causative factor involved in baby pig anemia, and if rate of hema- 
poiesis was increased for the first few days of post-natal life, con­
ventional practices of iron therapy might be discontinued. Plasma has 
been regarded as the primary vehicle for placental transport, and while 
this may be true, results indicated maternal body storage of iron to 
occur prior to major fetal deposition. Data from this study further 
indicated that rate and quantity of placental iron transport must be 
attributable to a multitude of interrelated factors, each contributing 
to the net iron traversing the placenta.

INTRODUCTION
Interest in the nutritional status of the female of the species 
during pregnancy has been present since or before biblical times. It 
has been only in the last seventy-five or one-hundred years that these 
interests have begun to take on a sound philosophy with the advent of 
an influx of true curiosity and an ever increasing amount of scientific 
facts. Nutrition, as we know it today, is a product of the twentieth 
century, and fetal nutrition has become soundly scientific only in the 
past twenty years.
It has been said that "a pregnant mother must eat for two". The 
pregnant mother of course, must consume enough for both herself and her 
unborn infant. We know today, however, that the nutritional demands of 
pregnancy are not excessive, at least not until the latter stages of 
gestation. It is evident also, that for the most part, the nutritional 
needs of the fetus take precedence over those of the mother.
Although information on many phases of nutrition are relatively 
recent, anemias have been recognized since the time of the Ancient 
Egyptians; who recognized the importance of certain foodstuffs for the 
prevention and treatment of anemias, although it is not certain that 
they understood the role of iron in these maladies.
Specific knowledge regarding the role and function of iron in 
nutrition has filled the literature for the past half-century, and as 
far as the adult animal is concerned there seems to be adequate in­
formation available for considerable knowledge on this subject. 
Recently, however, there has been an increased interest in the role of 
iron in the anemias of the young, which was somewhat overlooked in
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earlier studies. Since the introduction and expansion of sensitive 
radio-isotope tracer techniques into the fields of nutrition and 
physiology, there has arisen an ever increasing interest in mineral 
interrelationships in general and fetal nutrition in particular.
Tracer techniques are invaluable aids in all phases of mineral nutrition 
and physiology, but seem to adapt themselves particularly well to the 
ellucidation of problems relating to mineral interrelationships and 
functions in the fetus. This has become the primary manner in which 
specific functions and metabolic pathways are assigned to different 
nutrient elements in the fetus, particularly concerning the placental 
transfer of the elements.
With this increased interest in anemias, the availability of 
accurate and sensitive procedures for evaluation, and because of the 
more recent curiosity in prenatal nutrition, this study of the pla­
cental transfer and maternal-fetal metabolism of iron in swine and 
sheep was initiated.
REVIEW OF LITERATURE
Historical:
Iron was the only trace mineral recognized earlier than 1900 to 
be essential to both plants and animals. It comprises 1*.2 percent of 
the earth1s surface, and is the fourth most abundant element. In the 
animal body, it ranks tenth in order of quantity present, making up 
O.OOU percent of the body weight (Gilbert, 1957).
Functions in Metabolism:
By far the largest part of the body content of iron is found in 
hemoglobin of the red blood cells where its main function involves 
oxygen transport. Significant amounts are also found in cytochrome, 
peroxidase, catalase and other protein enzymes. The greater part of 
that iron remaining in the body is stored in the liver, bone marrow and 
spleen where it can be converted into hemoglobin as needed.
The iron content of hemoglobin has been reported for many species 
of animals and seems to remain quite constant at about 0.33 percent 
(Gilbert, 1957).
The red blood cells, which contain the hemoglobin, are formed in 
the bone marrow. These red blood cells are destroyed by the spleen, 
primarily, after a mean life span of U8 days in cattle (Hansard and 
Kincaid, 1955). The red cell life span of sheep erythrocytes has been 
reported at 150 days by Judd and Matrone (1962). This value was based 
on studies involving three wether sheep injected intravenously with 
100 uc carbon-ll* labeled glycine*
Iron released by red blood cell destruction can normally be 
reused again to form new hemoglobin. This would imply that once the
adult stores of iron are filled, little dietary iron is required to 
maintain these levels (Gilbert, 1957).
In connection with the rate of production of red blood cells, 
Garcia (1957a) using rats, employed the iron-59 labeled red blood cell 
volume technique to determine erythropoietic response to an hypoxic 
stimulus in animals ranging in age from five to 250 days. A reduction 
in oxygen tension and concentration was used as the stimulus. Rats 50 
days of age and older responded well to the hypoxic stimulus, while 
those from five to 30 days of age showed no significant increase in 
total red cell volume or total hemoglobin. The inability of the young 
rat to respond was interpreted as evidence of their high rate of red 
blood cell production. Therefore, Garcia postulated the relative daily 
red blood cell production of young animals to be at maximal or near 
maximal levels.
Finch (1958) has shown by in vitro procedures that various 
soluble ferrous or ferric salts of iron are easily assimilated by 
immature erythrocytes. The iron transporting mechanism in hemoglobin 
synthesis is an iron-binding plasma protein, transferrin or sidero- 
philin. It was reported at the same time that all immature red cells, 
through the reticulocyte stage, were able to take up iron, while mature 
erythrocytes did not. It was postulated that erythrocyte iron storage 
may be demonstrated as specific granules within the developing cells.
The same worker suggested that the i^ ed cell nucleus would seem 
to be intimately concerned with hemoglobin synthesis and that the vinyl 
groups of the porphyrin ring are essential for insertion of the iron 
into the hemoglobin molecule. Iron apparently enters the molecule at 
the protoporphyrin stage of synthesis. It was postulated that iron may
5be of importance in multiplication of erythroid cells as well as in 
heme synthesis.
In certain anemias, iron uptake by the marrow far exceeds the 
production of viable red cells. Marrow iron transit time is also 
greatly shortened in certain hemolytic anemias and marrow abnormal­
ities, part of which is due to the premature delivery of young cells 
into the peripheral circulation (Finch, 1958)•
After subcutaneous injection of Fe-59 in rats, an increase in 
erythropoietic activity in the spleen precedes recovery of erythro­
poietic function in the bone marrow following whole body X-irradiation. 
The role of the spleen in the recovery of erythropoietic function has 
also been illustrated (Belcher, et al., 1958).
In further studies, Garcia (1957b) Injected 0.25 uc iron-59 with 
the animals own plasma to study distribution of radio-iron with time in 
plasma, red blood cells, liver, spleen, bone marrow, muscle and kidney 
in rats 15, 50, 150 and 250 days of age. This Investigator found plasma 
clearance of Fe-59 to be rapid in the youngest age group and much slower 
at the older ages. Iron-59 entered the red blood cell rapidly in the 
15 day old group and most slowly in the 250 day group. Approximately 
equal values were obtained for total red blood cell iron turnover for 
animals 50, 150 and 250 days of age despite wide weight differences.
Red blood cell turnover, relative to body weight was highest in the 15 
day old rats, being approximately three times that for 150 and 250 day 
old animals.
Simple dietary iron deficiencies are commonly referred to as 
anemias, and these are one of the most striking examples of simple 
dietary mineral deficiency. Normally, response of the anemic animal
to adequate iron therapy or supplementation is most satisfactory (Hahn, 
et al., 1938), and recovery can be expected to be complete and rapid. 
Iron deficiency anemias sometimes result from a condition of high pH 
in the soil which makes the iron unavailable to forage plants, but more 
often are caused by an actual lack of. iron in the diet (Anonymous, 193U)•
Iron also plays an important role in interrelationships with 
other mineral elements in producing complicated anemias and various 
other maladies among humans and animals, as evidenced by voluminous 
reports in the literature (Neal and Alman, 1937; Underwood, 1956).
Historically, the small quantities of iron appearing in the 
blood serum were erroneously thought to be due to a slight hemolysis of 
the red blood cells. More recent studies however, provided evidence that 
iron appearing in the serum did not occur in the free state, but in a 
bound form which came to be known as transferrin or siderophilin. There 
has been an observed tendency of serum iron levels to show a definite 
diurinal variation, but at the present time no explanation has been ex­
tended to explain this tendency (Underwood, 1956).
The main storage forms of iron in the tissues are in complexes 
known as hemosiderin and ferritin, and it seems relatively certain that 
iron in body tissues can readily pass from one of these forms to the 
other. Hemosiderin is a brownish-yellow granular pigment, while ferritin 
is a brown iron-containing protein (Underwood, 1956).
Absorption, Excretion and Storages
Numerous investigations have shown that the body's capacity to 
excrete iron is negligible, and the hypothesis has been established 
that absorption of this mineral is regulated to a great extent by body
7requirements. Regulation of iron absorption according to body needs, 
however, does not always take place under all conditions (Cartwright, 
Wintrobe and Humphreys, 19UU; Bothwell, et al.j 19!?3). More recent 
studies by Dinning (1962), have enumerated ways in which general nutri­
tional deficiencies may effect the formation and increase the destruct­
ion rate of red blood cells, thus influencing mineral absorption.
Absorption of iron is generally thought to occur throughout the 
length of the gastro-intestinal tract, with the duodenum appearing as 
the area for most active absorption. There has been some controversy 
in the literature as to whether iron is absorbed in the ferrous or
ferric state, but most investigators at present, accept the ferrous
theory as being more likely (Underwood, 1938; Hahn, et al., 19UE>) •
The literature contains many reports on the various factors which
affect the efficiency of iron absorption, and these have been reviewed 
to a large extent by Underwood (19^6).
Stewart and Gambino (1962) using normal dogs, injected Fe-^9 to 
study the absorption of iron from the gastro-intestinal tract immediately 
follovTing oral dosing. They found absorption to be very high for the 
first three or four hours, then to decrease to practically zero. Although 
rate at which iron entered the plasma was proportional to the amount of 
iron in the mucosa, the latter was not directly related to the amount 
of iron in the intestinal tract. These workers postulated that both nor­
mal and anemic dogs develop a mucosal block to the absorption of iron 
which lasts for approximately 2h hours after oral administration of iron.
Absorption, excretion, transport, storage and the requirements 
for iron have been reviewed by Gubler (195>6). A regulatory mechanism 
thought to be most closely associated with body stores and requirements,
in relation to the mucosal block theory were discussed to some extent.
Kaufman and associates (1962) reported the level of liver iron 
in seventy-five male albino rats from four to 36 weeks of age on a diet 
containing 329 ppm iron. At the beginning of the experimental period, 
animals exhibited low liver iron and low hemoglobin values, which in­
creased with time and then became .stabilised. The increase in liver 
iron continued beyond the time that hemoglobin values became constant, 
and in general, liver iron concentrations paralleled total liver iron.
Liver iron depletion without copper loss in swine fed excess 
sine was studied on 18 weanling Duroc pigs by Cox and Hale (1962). Pigs 
were fed rations containing 0.2 and O.J4 percent sine for 69 days. No 
signs of zinc toxicities were observed on either dietary level. Liver 
copper was not reduced in pigs fed either level of high dietary zinc 
and no anemias were produced. Evidence was obtained demonstrating that 
O.U percent zinc in the diet of swine resulted in a significant reduct­
ion in liver iron without a concomitant loss of liver copper. Although 
0.2 percent zinc caused a significant increase in liver zinc, iron 
content of liver was not decreased.
The animal body characteristically seems to possess little 
mechanism for the excretion of iron, and under normal conditions far 
more appears in the feces than in the urine, but this amount is usually 
insignificant (McCance and Widdowson, 1938).
Radio-isotope Methodology:
The introduction of sensitive radio-isotope tracer techniques into 
the fields of animal nutrition and physiology during the past decade has 
probably done more to clarify and aid in the elucidation of the multiple
metabolic factors influencing mineral and nutrient assimilation than 
any other single factor.
Basic procedures and techniques for handling radio-isotopes for 
use with experimental animals have been outlined by Hansard et al., (1951, 
1953). These wprkers emphasized the importance of proper and rapid hand­
ling of radioactive materials to minimize total body exposure time and 
to prevent intensified localized exposure. It was pointed out in this 
work that when small animals, such as rats, were to be dosed orally 
with radioactivity, the stomach tube was usually the most satisfactory 
procedure. This stomach tube consisted of a small commercial catheter* 
or a short piece of polyethylene tubing secured to the end of a needle 
attached to a wash syringe. Dose quantities of the radioelement was 
measured into another syringe, and injected directly into the connecting 
tubing and washed quantitatively into the animal using pressure on the 
wash syringe. An adequate stepwise procedure for the administration of 
radioactivity to the various species of farm animals has also been dis­
cribed. Some of the problems and procedures usually encountered in hand­
ling multi-raillicurie levels of radioactivity, quantitative separate 
collection of excreta, and health hazards to be avoided were discussed.
Numerous other balance methods have also been described by Cama 
and Morton (1950), by Harned, Cunningham and Gill (19U9), and by Erwin 
et al., (1956). Satisfactory techniques and apparatus for measuring 
radioactivity in biological samples has been well documented in the 
literature.
Fetal Nutrition:
Recent interests in the nutritional relationships between dam and
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fetus Jiave led to an increasing number of investigations concerning the 
placental transfer of various substances. Many of these earlier studies 
have been reviewed to considerable extent by Reynolds (19U9).
In 191*1, Huggett discussed the nutrition of the fetus in general 
terms involving vitamins, minerals, lipids and blood sugar levels. In 
addition, fetal development was discussed and much work cited, based on 
studies with adult and young animals with results projected to fetal 
metabolic conditions.
It has been reported (Anonymous, 1961) that the majority of 
prematurely born infants contract iron deficiency anemia during the 
first year of life, the duration of which was an inverse function of 
gestational age. Supplemental'.iron administered either orally or intra­
muscularly as ferrous salts, beginning in the second or third month of 
gestation, have been effective in preventing this late anemia of pre­
maturity. It was also shown in the same work that iron dextran injections 
given early in life were effective in preventing iron deficiency anemias 
in infants.
Pregnancy in rats on high and low sodium intake levels decreased 
excretion of ingested sodium and potassium. When dietary sodium was in­
creased, urinary sodium excretion was also increased. Hemoglobin, hemato­
crit and total plasma protein were decreased, being associated with 
hemo-dilution which normally accompanies pregnancy. Decreases in concen­
trations of all protein fractions except gamma-globulin were observed 
during pregnancy and were related to normal observed increases in blood 
volume. Increases in alpha-globulin and decreases in gamma-globulin 
in pregnant groups suggested that these changes were true effects of
pregnancy and independent of blood volume fluctuations (Kirksey and Pike,-. 
1962).
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Maternal plasma sodium concentration in the rat were reported 
to decrease slightly as a result of pregnancy (Kirksey et al., 1962). 
Potassium concentrations, on the other hand, were unaltered as a result 
of pregnancy. Sodium concentrations in muscle were slightly lower in 
pregnant than in non-pregnant groups, but potassium concentrations 
were similar. Fetal plasma levels of sodium and potassium were shown to 
be unaffected by levels of sodium in the maternal diet, however sodium 
and potassium levels in amniotic fluid were not related to maternal 
sodium intake. Pregnant rats, receiving restricted sodium intake, ex­
hibited changes in water and electrolyte metabolism that have been 
associated with complications of pregnancy in humans.
Placental Transfer:
Shimidzu (1922) studied the permeability of the placenta of the 
rat to eight basic and 15> acidic dyes. The placenta was found to be 
permeable to all of the basic dyes, but to only eight of the acidic dyes. 
The power of dyes to pass through the placenta paralleled the colloidal 
state of their solution in the serum, especially to their ability to 
spread in a gel of high percentage.
The existence of a gradient in blood-gas tension from mother to 
fetus for oxygen and vice-versa for fetus was demonstrated with goats 
as early as 1927 (Huggett). This gradient could be varied, and with it 
the resultant fetal tensions. It was concluded that gases diffused 
across the placenta and were not secreted by placental activity.
In 19U9, McDougall reported the ionic composition of a series of 
allantoic and amniotic fluids from ewes fed during pregnancy to maintain 
constant weights.
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The exact mechanism for the placental transfer of iron is not 
known, but observations with radioactive iron in women have shown a 
rapid passage from mother to fetus. This iron appeared to be in the 
ferric state, and an excessive amount was transferred across the 
placental membranes over that which was required for incorporation 
into fetal tissues.
Iron differs from most other minerals in that the new-born is 
dependent upon that which it derives in-utero from the mother and 
placenta until after weaning (Reynolds, 191*9). Traditionally, milk is 
thought of as being very low in iron content; however, at least one 
investigation has been reported using Fe-59 which indicated that the 
supply of iron to the young via the milk deserved more attention than 
it had been given in the past.
With studies on iron metabolism in the pregnant rabbit, Bothwell 
and coworkers (1958) reported the amount of iron transported from mater­
nal plasma to fetus to increase progressively with age and weight of 
fetus. About 90 percent of the plasma turnover was directed to the 
fetus by the end of pregnancy. It was also noted that the majority of 
fetal iron was deposited as non-hemoglobin iron and that placental iron 
transport seemed to occur against concentration gradient. The placental 
iron uptake was an active process, independent of the fetus, and retro­
grade iron transfer from fetus to mother was shown not to take place.
The studies reported here on altered maternal metabolism indicated that 
placental transport of iron reflected both fetal demands and state of 
iron metabolism in the mother. It was noted from electrophoretic studies 
that iron-59 migrated with beta-l-globin in all instances in maternal 
plasma.
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The process of transferring diffusable substances, such as oxy­
gen, from maternal to fetal blood involved a tremendous turnover of 
most materials in excess of the amount actually required for the fetal 
tissues. Water, sugars and hormones have been shown to pass readily into 
the fetal circulation in this manner (Reynolds, 191*9; Gray, Neslen and 
Plentl, 1956). Vitamins have been shown to possess this ability, but 
some passed with more difficulty than others. Certain toxic substances, 
such as nicotine and endotoxins, have been shown to alter placental 
permeability to various compounds (Reynolds, 191*9). Considerable evidence 
has been put forth also to indicate placental permeability to be a 
simple function of molecular size. Optimum conditions for the exchange 
of materials between maternal and fetal circulations exist, in that in 
the placenta, the maternal and fetal blood vessels are so arranged that 
the two blood streams flow in opposite directions (Reynolds, 1951).
Heavy water (deuterium oxide) has been used to observe the trans­
fer of water across the placenta of guinea pigs at various stages of 
pregnancy (Gelhorn and Flexnor, 191*2). These workers injected sufficient 
quantities of deuterium oxide to equal about 0.6% of the blood volume, 
and delivered the guinea pig fetuses by caesarean section ten minutes 
after dose administration. Rate of water transfer per unit weight of 
placenta increased nine times from the fourth week of gestation until 
term. Guinea pig fetuses, received across the placenta, 150 times as 
much as was incorporated in the growing tissues during early stages of 
fetal development, and almost 500 times as much as was incorporated 
into growing tissues at later stages of pregnancy. These investigators
postulated the fundamental principle underlying placental transfer to 
be the rate of transfer to a unit weight of fetus, and to parallel the
1U
relative growth rate of the fetus.
The passage of deuterium oxide from maternal system to the 
amniotic fluid and tritium oxide in the opposite direction in rabbits 
have been examined (Paul et al., 1956). Half of the exchange of water 
was found to occur across the placenta by way of the placenta and fetus, 
and half across the membranes by way of the maternal circulation. These 
workers also found that a steady state, with respect to water, was 
maintained in the amniotic sac by secretory activity of the fetus.
Flexnor and Gellhorn (19U2) utilised eight guinea pigs to study
the transfer of water to amniotic fluid by means of intravenously admin-{
I
istered deuterium oxide. Water was transferred to the amniotic fluid at 
a rate such that a volume of water equal to the amniotic fluid was ex­
changed about once every hour at all stages of pregnancy. This report 
stated that the rate of transfer of sodium to the amniotic fluid was 
almost 50 times less rapid at all stages of gestation than was water 
transfer.
Glucose injected into maternal arterial system of sheep gave 
rise to a sharp and rapid rise in fetal glucose levels, which were fol­
lowed by a prolonged rise in fetal blood fructose. Huggett and associates 
(1951) contributed this to placental activity, because it only formed in 
fetal blood circulating through the placenta, such as perfusion. It was 
found that the placenta was permeable in both directions to glucose, but 
only from mother to fetus for fructose.
Widdas (1951, 1952) reported that simple diffusion would not ac­
count for the quantities of glucose transferred across the placenta of
the sheep. The kinetics of this postulated carrier mechanism were in 
close agreement with experimental results. When concentrations were large,
iI
I
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the theory predicted that transfer rate would be proportional to the 
difference of the reciprocals of the concentrations. This worker dis­
cussed the possibility of admixtures of diffusion, enzymatic action and 
carrier kinetics in transfers across biological membranes.
Alexander and coworkefrs (1955a) used two types of perfusion ex­
periments to study the rate of production of fructose by, and the rate 
of passage of glucose across, the placenta in the sheep. Evidence was 
confirmed that fructose was continuously produced by the placenta and 
was not dependent on a raised fetal blood glucose. It was suggested 
that the rate of fructose production was constant in a given individ­
ual and independent of glucose concentrations in both fetal and maternal 
blood. In further studies, Alexander and associates (1955b) used C-ll* 
labeled fructose and glucose injected into the maternal circulation to 
study placental transfer of sugars in the sheep. Both were found in the 
fetal blood and a back flow of glucose was illustrated from ewe to fetus 
when fetal hyperglycemia was produced.
Using paper chromatography, Ainsworth and coworkers (1951) pre­
sented evidence to indicate the enzyme, alkaline phosphatase, to be 
responsible for placental fructose formation in the cow, sheep and goat.
Measurements of placental permeability by means of scjdium-21* were 
investigated in the pregnant rat by Flexnor and Roberts (1939)• Fetuses 
were taken for analysis during the last four days of gestation. In this 
period there was observed a high inverse correlation between fetal mass 
and the placental transmission of sodium-21* per unit weight of fetus.
The data suggested that fetal weight in the rat appeared to be deter­
mined by genetic forces alone, and in this study the total amount of 
sodium-21* transferred to a fetal rat was independent of fetal size.
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It has been reported that the fetal white rat comes to within 
ten percent equilibrium with sodium-21; in maternal plasma after six 
hours (Flexnor and Pohl, 19Ula). A sixfold increase in the transfer 
rate of radioactive sodium per gram of placenta was observed from 
lli days of gestation to term. It was estimated that the rat fetus 
received 27 times as much sodium as was incorporated in growing tis­
sues during the last trimester of pregnancy.
The guinea pig fetus approached ten percent of equilibrium 
with sodium-2l; in the maternal plasma, however, after from five to 
seven hours. The maternal extracellular fluid approached equilibrium 
in about five minutes. Observed large changes in the apparent pro­
portion of fetal extracellular fluid to fetal body weight seemed to 
occur throughout gestation in this species (Flexnor and Pohl, 19Ulb).
Using 17 pregnant rabbits and 63 fetuses Flexnor and Pohl (19Ulc) 
studied the transfer of radioactive sodium across the placenta. They 
found an elevenfold increase in the rate of transfer per gram of 
placenta from the eighteenth day of gestation to term. After the 
twenty-fifth day of pregnancy, the relative growth curve of the fetal 
rabbit was similar to the rate of transfer curve of radioactive 
sodium to a unit weight of fetus prior to this time; large changes in 
the growth curve preceded by about four days similar changes in the 
rate transfer curve per unit weight of fetus.
Twelve cats representing forty*fetuses were utilized by Pohl
and Flexnor (19l;l) to evaluate the transfer of radioactive sodium
across the placenta. The fetal cat was observed to come within ten
percent of equilibrium with the sodium-21; in maternal plasma only 
after 12 to 18 hours, while extracellular fluid came to within ten
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percent equilibrium in about four minutes. The unit rate of transfer 
increased about 60 times from 15 days to term. The fetal cat received 
across the placenta, on the average, about 25 times as much sodium as 
was actually incorporated into the growing tissues.
In further studies Pohl and associates (19U1) found a three to 
fourfold increase in placental sodium transfer rate in the goat from 
the ninth week to the twentieth week of pregnancy. The relative growth 
curve for the goat fetus was similar to the rate curve of Na-2U transfer 
to a unit weight of fetus at different periods of pregnancy.
Gellhom and associates (19U1) injected sodium-2U labeled 
chloride intravenously into seven pregnant sows and reported an eight­
fold increase in the transfer rate of sodium-2U from the end of the 
first trimester to term. This was correlated with the characteristic 
thinning of the uterine and chorionic epithelia during gestation. Of 
all species of animals on which placental transfer of sodium has been 
reported, less was transferred in the sow than in any other group. These 
workers observed that the fetal pig received at the sixteenth week of 
gestation only about three and-one-half times as much as was incorpor­
ated into fetal tissues. It was noted that this safety factor was 
peculiarly low when compared to that of other species of animals.
Postel (1957) studied the placental transfer of perchlorate 
ion in the guinea pig. He found a well defined passage from dam to fetus 
and reported perchlorate ion to be a potent goitrogen in the guinea pig 
fetus.
When Plotz and Davis (1957) administered C-lU-U-progestsrone 
into pregnant human patients they found the highest concentration of 
radioactivity in the maternal fat, with smaller amounts being present
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in all fetal tissues except brain and testis.
Amino acids are known to be concentrated on their passage across 
the placenta. Feldman and Christensen (1962) used amino acids not sus- 
ceptable to modification by the animal organism in their studies of 
placental transfer. Each guinea pig was injected intraperitoneally 
with 10 uc of four C-ll; labeled amino acids (a-aminoisobutyric, 1- 
aminocyclopentane-carboxylic, B-monofluoro and B,B,B-trifluoro-a- 
aminoisobutyric acids). These acids were selected because they yield 
extremely sms|ll amounts of radioactive CO2 after injection. Samples 
of fetal blood were taken from the umbilical vein and maternal blood 
from the mesenteric vein 2k hours after dosing. At sacrifice liver 
and muscle samples were taken. These amino acids were strongly con­
centrated on crossing the placental barrier. Although maternal tissues 
accumulated these acids vigorously, the fetal tissues reached only 
moderately higher levels than did the fetal plasma.
The transport of proteins across the fetal membranes was studied 
in 195k by Brambell. It was reported that the transfer of passive im­
munity from mother to young was by way of the uterine lumen and not by 
way of the placenta. It was observed that antibodies entered the 
amniotic fluid, and were concentrated in the stdmach contents of the 
rabbit fetus.
Human serum albumin (HA), bovine serum (BSA), and human gamma 
(HGG) globulin were injected 2k hours prior to sacrifice in the cow, 
cat and guinea pig to study the passage of proteins across the placenta. 
With the quantities of protein injected in this study, no perceptible 
passage across the placenta into the bovine fetus was noted. In cats,
HA and BA seemed to pass in large amounts from mother to fetus, but
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only a small amount of HGG passed into fetal circulation. Significant 
passage of HA occurred in guinea pigs only at massive dose levels, and 
BA was transferred more readily than HA. All three proteins were found 
in high titers in fetal serum, but not in other fetal fluids (Kulangara 
and Schechtman, 1963).
Hansborough and Seay (1951) and Logothetopoulos and Scott (1956) 
injected, subcutaneously, iodine-131 into pregnant rats and guinea pigs 
with and without a preceding propylthiouracil injection. Samples of 
maternal and fetal plasma were taken 70-*>80 minutes later and radio­
activity concentrations expressed as a fetal-maternal 1-131 ratio.
These ratios were in the magnitude of one and one-half to five 
when 1-131 concentrations were rising in the dam. Due to the fact 
that injected sodium thiocyanate inhibited placental transport of 
iodide, these wofrkers postulated a placental transport mechanism for 
iodide.
The onset of thyroid function in rats and rabbits fetuses were 
studied with the benefit of 1-131 passing across the placentas (Lampe, 
Medveczky add Kertesez, 1961)• These workers injected 50 uc 1-131 into
f
pregnant rabbits and 10 uc into rats. The animals were sacrificed and 
thyroid autoradiographs made 2k hours after dose administration. The
i
onset of 1-131 uptake occurred on the seventeenth and eighteenth day 
in rabbits and on the eighteenth day in rats. The appearance of radio­
iodine coincided with thyroid follicular development.
Feaster and coworkers (1955) used zinc-65 to study placental 
transfer in the rat. They found that, even though only about five 
percent of an oral tracer dose of radio-zinc was retained by the dam, 
that amount which was retained seemed to possess relatively free movement
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across the placenta at all stages of pregnancy.
It has been shown that Ca-U5, as well as 1-131 and Zn-65, when 
administered orally to pregnant rats, crossed the placenta at all stages 
of pregnancy. The amount of Ca-U5 transferred from dam to fetus at any
given time showed an increase with increased fetal age. After only one-
»
half hour, an appreciable amount of the radio-calcium had already been 
absorbed and transferred to the fetus (Feaster, et al., 1956).
Radiocalcium and radiostrontium were used to study mineral 
metabolism in mice during pregnancy by Pecher and Pecher (191*1). It 
was observed that part of the calcium and strontium previously fixed in 
the skeleton of mice migrated to the fetus during the last days of 
pregnancy and to the offspring through the milk. When radioactive 
strontium lactate was injected intravenously into lactating cows and 
mice, appreciable amounts were excreted through the milk;
Finkel (191*7) used massive injections of Sr-89 (5 uc per gram) 
to study placental transfer of this element in laboratory animals. Mice 
receiving Sr-89 before conception produced fewer numbers of litters than 
did the controls, while injection during pregnancy increased the number 
of still-births. Radiation damage was noted to be less severe in the 
pregnant dam than in controls. In-utero injection caused retardation of 
growth, malformation of the long bones, anemia and osteogenic sarcoma 
in both fetuses and young.
Plumlee and associates (1952) administered labeled calcium orally 
and intravenously to study the placental transfer of this element in 
pregnant cows with three to eight month-old fetuses. They found relatively 
free movement of Ca-1*5 across the bovine placenta, especially during the 
last trimester of pregnancy.
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By utilizing Mo-99, a "hard” emittor, and Ca-U5, a "soft” beta 
emittor, and the employment of shielding in counting procedures, Shirley 
and coworkers (195U) were able to study the placental transfer of two 
orally administered elements simultaneously in pregnant sows. Results 
of this study indicated a free passage of Ca-li5 to the swine fetus, but 
little or no Mo-99 was found in fetal tissues indicating a placental 
barrier to this element in swine.
Comar and associates (1955) used continuous feeding of Sr-90 to 
compare utilization of dietary Sr-90 and calcium in the developing rat 
fetus. Results indicated that dietary calcium was utilized for bone 
growth by a factor of 3*6 over Sr-90. It was calculated that about 28.6% 
of fetal calcium was derived from maternal calcium, and that dietary 
calcium was utilized for bone formation in the developing fetus by a 
factor of 5.1 over Sr-90.
Comar, in 1956, reviewed the contributions of radio-isotopes to 
the understanding of calcium metabolism in pregnancy. Among; other 
factors, a discussion was made on placental transfer of calcium in the 
various animal species.
Selective properties of the placenta on transmission of alkaline 
earth metals in rats has been reported by Wilkinson and Hoeker (1953). 
Either Ca-li5, Ra-226 or Pu-239 were injected on the fifteenth day of 
gestation and fetuses, uteri and placenta removed on the twentieth day.
A definite calcium transfer from mother to fetus was observed and the 
quantity found in fetuses was considerably higher than that found in the 
placenta. There was a marked decrease in the transfer amount of Ba-lUO 
from that observed for calcium, with larger amounts being present in the 
fetus than in the placenta. These workers founcl an apparent simple rela-
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tionship between the amount of Pu-239 in fetuses and the amount injected, 
with placental values exceeding those for fetuses. The presence of 
radium could not be detected in either fetus or placenta. Results were 
indicative of a fundamental difference in metabolic handling of these 
elements by the animal organism,indicating that similar differences 
could exist in the mechanism of bone deposition of these substances.
It was concluded that placental transmission of the compound inves­
tigated was dependent upon molecular weight of the cation, and that 
analogies between the known properties of one member of the group and 
those of another member should be made with extreme caution.
In 19Ul, Nielson used 321 fetuses from 37 pregnant rats to 
investigate the permeability of the rat placenta to the phospholipid 
molecule during the last eight days of gestation. This worker postulated, 
that on the basis of phosphorous-32 content of fetal phospholipid, pla­
cental transfer of the phospholipid molecule was a very slow process. 
These findings supported the hypothesis that placental transfer was a 
function of molecular size. There was also the possibility of the tagged 
phospholipid molecule being broken down, transferred across the placaital 
membranes, and then reconstructed in the fetal organism.
Using phosphorous-32 as a tracer in the guinea pig, Wilde and co- 
workers (19U6) studied the permeabiltiy of the placenta to inorganic 
phosphate and its relationship to fetal growth. The rate of transfer of 
inorganic phosphorus per unit weight of placenta increased about tenfold 
from the thirty-first day of pregnancy until term. Reports indicate that 
many materials traverse the placenta in amounts far in excess of that 
quantity actually required for incorporation into growing fetal tissues. 
However in this study, inorganic phosphorus was observed to enter the
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fetal guinea pig from the maternal plasma in a quantity only approxi­
mating the amount of total phosphorus actually retained for growth.
Aikawa and Bruns (I960) utilized 11 pregnant rabbits, represent­
ing 86 fetuses to study placental transfer of magnesium-28. They 
observed that concentration of Mg-28 in maternal plasma decreased 
rapidly during the first two hours, and that fetal concentration of 
Mg-28 exceeded maternal and fetal placenta concentration after 2h 
hours. The uptake of Mg-28 by maternal bone and muscle was slower in 
pregnant than in non-pregnant animals, and Mg-28 and untagged magnesium 
reached equilibrium in all maternal and fetal tissues 2h hours after 
dose administration. These data suggested that the placenta actively 
concentrated magnesium.
The placental transfer of fluorine in the human fetus was studied 
by means of analyzing blood samples from treated pregnant women shortly 
before delivery, placentae at full term and cord blood by Gedalia, et al., 
(1961). A common water source was utilized by all subjects. The results 
reported indicated that the placenta played an active role in accumula­
tion of fluorine and its transfer to the fetus.
Feaster and Davis (1962) studied the effect of low protein intake 
on the deposition and placental transfer of sulfur-35 in rats. These 
workers utilized 100 female rats, maintained on two protein levels. 
Between the twelfth and twentieth day of gestation 15 uc of sulfur-35 
was injected into each rat, intramuscularly, as sodium sulfate. All 
animals were sacrificed at lt8 hours after dose administration. Rats 
maintained on low protein had three times as much sulfur-35 in liver, 
twice as much in muscle and four times as much in blood serum as did 
those on high protein diets. These workers found that stage of gesta­
tion had no significant influence on sulfur-35> retention by maternal 
tissues. More radio-sulfur was transferred across the placenta of rats 
on loV protein than in rats on the high protein diet. The total amount 
of radio-sulfur transferred per litter ranged from 0.03 percent on the 
twelfth day to eight percent of the dose on the twenty-first day.
Effects of parenteral iron dextran administration to sows during
gestation on the incidence of baby pig anemias were investigated by
Pond, et al., (1961). These investigators injected various levels of
iron dextran, ferric oxide and ferric sulfate on the one-hundredth day
of gestation or on the sixth to ninth day of lactation. Blood samples
•
were drawn from the pigs beginning at three days of age and continued 
weekly until 33 days of age. Hemoglobin levels in pigs at ten days of 
age from dams injected on the one-hundredth day of gestation were not 
statistically different from pigs from untreated sows. Generally, 
injected iron resulted in higher hemoglobin levels than did orally 
administered iron. There was no significant effect noted of iron ad­
ministration to the dam on hemoglobin response in the pigs. These 
workers estimated the daily oral iron requirement of baby pigs to be 
ten to 15> milligrams per day. In this study-milk averaged 3.1 milligrams 
iron per lll'teir, which indicated insufficient mammary transfer of iron 
to prevent onset of baby pig anemias. These workers report neither 
mammary nor placental transfer of iron to be sufficient in sows to 
eliminate the necessity of administering iron to suckling pigs.
Forty litters of baby pigs were used to study the effect of 
injected iron dextran, dextrin and ferric ammonium citrate B12 on hemo­
globin levels by Kernkamp, et al., (1962). One-hundred milligrams iron 
dextran at three days of age resulted in an increase in hemoglobin levels
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at two and four weeks of age..'A single'injection of 150 milligrams 
iron dextran promptly overcame anemias when treated at either first, 
second or third weeks of life. These workers reported that a delayed 
injection caused no interference in hemoglobin regeneration.
Rydberg and associates (1959a) also studied effects of iron 
dextran administration on occurrence of anemias in baby pigs. Blood 
samples were drawn at 12 hours, four days and then weekly to 25 days 
of age. An intramuscular injection of iron dextran into feows twbcweeks 
before farrowing caused the pigs to maintain higher hemoglobin levels 
during the postpartum period than was the case for untreated animals 
or for animals treated one month before farrowing. Hemoglobin levels 
were not significantly different in pigs from untreated animals as 
opposed to pigs from dams treated four weeks before farrowing.
In a study comparing effectiveness of injected iron dextran 
to orally administered iron compounds, Rydberg, et al., (1959b) reported 
that hemoglobin levels increased more between the first and fourth weeks 
of life in pigs injected with iron dextran than in pigs which received 
the oral treatment. Control animals and those receiving oral treatment 
showed decreases in hemoglobin levels at four weeks of age.
A note on the permeability of the placenta in the rabbit to 
sodium ferrocyanide and iron ammonium citrate was recorded in the liter­
ature by Cunningham in 1923. He reported sodium ferrocyanide to be 
transferred more readily than iron ammonium citrate and was found in 
higher concentrations in the fetal blood. The possibility was noted that 
as placental barriers are simplified, the placenta loses some of its 
control over permeability.
In the white rat, passage of ferric and ferrocyanide iron from
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mother to nine-day embryos was effected, not through the ectoplacental 
cone, but through the yolk-sac (Brunshwig,1927). The existence of a 
physiological yolk-sac placentation preceding the development of the 
definitive placenta was inferred here. This worker measured the accumu­
lation of iron salts on sites of implantation 2k hours following sub­
cutaneous injection.
In 19h2, Pommerenke and associates reported on a study where 
iron-^9 was administered orally in fruit juice to pregnant women to 
investigate the placental transmission of radio-iron to the human 
fetus. At the time of delivery samples of the fetal blood were taken 
from the umbilical cord and maternal blood from veinous puncture for 
radiochemical analysis. They observed that when administered in single 
doses near the termination of pregnancy, radioactive iron appeared 
rapidly in the fetal circulation, suggesting plasma rather than the red 
blood cell to be the vehicle of placental transfer. Of fetal tissues 
measured, red blood cells contained the most iron-59 and liver was next 
in concentration. The fetal hematocrit, on comparison with that of the 
mother was low in early pregnancy, indicating more radioactive iron to 
be proportionately present in the red cells of the fetus at this time. 
The converse applied in later stages of pregnancy.
In view of these findings and relationships therefore, it was 
of interest to compare the relative iron transfer value for swine and 
sheep using radiochemical procedures to measure the absorption, movement 
and deposition.
GENERAL PROCEDURE
Pregnant and control animals of four different species, represent­
ing three of the five types of placentae currently recognised (Table! I), 
were utilized in this study of the mode and kinetics of iron transport 
across the placental membranes. Data were collected from rats (hemo- 
endothelial placenta) of an inbred Spraque-Dawley line and opossums 
(hemoendothelial placenta) during the final trimester of pregnancy as 
a function of time after iron-59 dose administration. Placental trans­
fer of iron as a function of gestation age was studied during each of 
the three trimesters of pregnancy in Hampshire and Poland-China breeds 
of swine (epitheliochorial placenta) and in native breeds of sheep 
(syndesmochocial placenta).
Throughout the experimental period, all animals were maintained 
on appropriate rations of known composition (see Table II) and swine 
and sheep were hand bred. Table III outlines the procedures for handling 
of the experimental animals. Prior to sacrifice, all animals were placed 
in individual metabolism units equipped for the quantitative separate 
collection of urine and feces for an adjustment period previous to being 
dosed either orally, intravenously, or intraperitoneally with a single 
tracer level of Fe-59 chloride (citrated) for blood, balance and placen­
tal transfer studies by sacrifice at specified times after dose adminis­
tration. (Hobbs, Hansard and Barrick, 1950; Hansard et al. * 195>X; Erwin 
et al., 1956). Daily feed intake was carefully measured to facilitate 
calculations of total iron balance for all animals in the study. Urine 
and feces were quantitatively collected separately, usually at 12 hour 
intervals, thoroughly mixed, and aliquots taken for radio-iron and total 
iron analyses. Periodic blood samples were withdrawn either from the
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jugular vein or by cardiac puncture, by means of a needle attached to 
an heparinized syringe, for measurement of radioactivity in a veil- 
type sodium iodide scintillation detector, attached to a basic scaler 
unit. Hemoglobin (cyanomethemoglobin method) and hematocrit determina­
tions were made daily from freshly drawn blood samples. Al1 samples were 
then centrifuged and plasma composites collected for total iron and 
radio-iron analyses for calculations of total blood volume and plasma 
Fe-59 clearance.
Plasma iron determinations were made for all animals by a 
method originally proposed by Barkan and Walker (19U0). This analysis 
consisted of adding one ml. of 0.3N HCL to a two ml. sample of plasma, 
and then mixing by inversion. The samples were then incubated at 37°C. 
for twelve hours and one ml. of 20% trichloroacetic acid added, mixed 
and allowed to stand at room temperature for one hour. Samples were then 
centrifuged at 3000 rpm for 15 minutes, filtered and two ml. of the 
supernatant transferred to a Beckman absorption cell. Next, 0.5 ml. of 
saturated NaCjH^Oj, 0.5 ml. of one percent hydrazine sulfate and 0.5 ml. 
of one percent o-phenanthroline was added, mixed veil and the color 
allowed to deve.lope for one hour. Two ml. of triple disti1led water was 
then added to each sample, mixed by inversion, and optical density read 
on a Beckman Model B Spectrophotometer at 510 millimicrons wavelength. 
Plasma iron in ug./ml. was then calculated by multiplying optical 
density of the unknown by the slope of the standardization curve.
At time of sacrifice, the following organs and tissues were taken 
from both dam and fetus; whole blood, liver, spleen, kidney, adrenal, 
muscle, femur, femur shaft, femur epiphysis, sternum and rib. Maternal 
placenta, amniotic fluid and mammary tissue were taken in addition to
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whole fetuses, where possible. The right femur was taken, cleaned and 
frozen for autoradiographs. Fetal crown-rump length and weight were 
carefully measured and recorded to more firmly establish age of fetus.
After collection, all feces and tissue samples were weighed, 
ashed in an electric muffle furnace at 600°C. for 2h hours. Samples 
were then dissolved in 6N HCL, transferred to calibrated standard 
culture tubes and made to definite volume with triple distilled water. 
Aliquots of the known volume were transferred to counting tubes for 
radio-iron measurements in a well-type sodium iodide scintillation 
detector, attached to a basic scaler unit for four minutes on a scale 
of 256. Calculations for radio-iron content of samples were based on 
comparative analysis of sample counts' per'minute against the standard 
counts per minute, taking into consideration normal daily background 
count. Known aliquots of all samples were then subjected to total iron 
analyses.
Total iron analyses were mads on all feces and tissue samples 
by a modification of the method of Wong (1928). An appropriate aliquot 
of the sample was transferred to a 50 ml. volumetric flask. Two ml. of 
concentrated sulfuric acid, two ml. of saturated potassium persulfate 
solution and triple distilled water were added to volume and mixed by 
inversion. After filtering, five ml. of the filtrate and five ml. of 
triple distilled water were added to a cylindrical absorption cell. 
Next, 0.5 ml. of potassium persulfate solution, and two ml. of potas­
sium thiocyanate solution were added and mixed well. Optical density 
was measured against a standard solution on a Beckman Model B Spectro­
photometer at I4.8O millimicrons wavelength. Total iron, in mg./gm., was 
arrived at by calculation against the known standard solution.
Table I: Classification of Placentae^
1. Epitheliochorial-characterized by six layers of tissue 
separating the fetal and maternal blood.
(Horse, Pig)
* 2. Syndesmqchorial-characterized by five layers of tissue 
separating the fetal and maternal blood.
(Cow, Sheep)
3. Endotheliochorial-characterized by four layers of tissue 
separating the fetal and maternal blood.
(Dog, Cat, Mink)
U. Hemochorial-characterized by three layers of tissue 
separating the fetal and maternal blood.
(Man, Monkey)
* 5. Hemoendothelial-characterized by one layer of tissue 
separating the fetal and maternal blood.
(Guinea pig, Rat, Rabbit)
* represents placental types utilized in this study.
1 as proposed in the J. Am. Vet. Med. Assoc. 127:U57 
(November, 1955)•
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Table II: Proximate Analysis of Experimental Rations.
Ration
Rat and 
Opossum Swine Sheep
Protein 2h.2% 17.1* 12.6*
Fat 5.1 3.8 3.5
Fiber U.9 6.8 10.7
Moisture 9.0 10.0 11.9
Ash 6.6 6.0 3.a
Whole femurs were taken, cleaned and frozen for radioautographs. 
Procedures consisted of exposing longitudinal sections of the femurs to 
non-screen X-ray film through an aluminum foil filter for a period of 
lU days, and allowing the gamma radiation from the iron-59 present in 
the femur to expose the X-ray film. These were developed by standard 
dark-room procedures and used to illustrate the relative transfer of 
radio-iron in the femur at different stages of pregnancy, as well as 
to illustrate bone and red bone marrow distribution of radio-iron.
The data were collected, standard deviations calculated, sub­
jected to appropriate statistical analysis as outlined by Snedecor 
(1956), and presented according to species as a function of time after 
dose administration and as a function of gestation age.
The Fe-59 chloride utilized in this study was obtained from 
the Union Carbide Company, Oak Ridge National Laboratory, on contract 
from the U.S. Atomic Energy Commission.
Table III: Distribution and Treatment of Experimental Animals.
Route
Fe-59
DosingP h a s e Species
Placental
Type
No. of 
Animals
No. of 
Fetuses
Pregnancy
Trimester
Sacrifice
Time
I Rat Hemoendo-
thelial
52 136 oral and
intra-
peritoneal
£-168
hours
II Opossum Hemoendo-
thelial
26 7£ oral -«nd
intra-
peritoneal
1-67
days
III Swine Epithelio-
chorial
12 63 intra­
venous
1,2,3 U8
hours
IV Sheep Syndesmo­
chorial
19 16 intra­
venous
1,2,3 12-lhU
hours
Total 119 290
PROCEDURES WITH RATS:
Fifty-two pregnant rats representing a total of 136 fetuses 
were used in a "pilot” phase of this experiment to study the mode and 
kinetics of iron transport across the placental membranes during the 
final trimester of pregnancy. All rats were maintained throughout the 
experimental period on a ration of known composition. Following breed­
ing the animals were dosed either orally or intraperitoneally with a 
single tracer level dose (five microcuries) of Fe-59 chloride (citrated) 
and placed in individual metabolism cages for blood, balance and 
placental transfer studies. From time of dose adminsitration until sac- 
rifice at selected times after dosing, urine and feces were quantita-' 
tively collected separately at 2k hour intervals. All animals were 
sacrificed by ether anaesthetization and selected maternal and fetal 
organs and tissues taken for radio-iron and total iron analysis as 
previously outlined. Individual fetal weights and crown-rump length 
measurements were also taken to firmly establish age of fetus.
Results were analyzed statistically by Student's "t" test for 
differences between means and standard deviation values calculated as 
outlined by Snedecor (1956) .
RESULTS AND DISCUSSION:
Chemical iron balance studies were conducted on individual rats 
during the course of this study. Feed utilized contained 308 ppm 
elemental iron by analysis and total iron intake averaged 3.65 gm per 
day. Total iron excretion via the feces was determined to be 3*lii mg* 
per day. Therefore, the average iron balance on individual rats was a 
positive 0.51 mg. per day.
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Radio-iron and total iron analyses on blood, urine and fecal 
samples exhibited the characteristic behavior of this element as 
previously reported in the literature.
Table IV summarizes the total radio-iron content of selected 
whole maternal organs and tissues of rats as a function of time after 
intraperitoneal administration along with standard deviations and 
statistical treatments. Data on liver content of iron-59 indicated 
no significant differences present at any given time after dose ad­
ministration, except a significant increase was observed for maximum 
liver uptake of radio-iron to occur at 1*8 hours post-dosing, with this 
level being generally maintained to seven days after administration of
iron-59.
Data on spleen radio-iron content indicated a statistically 
significant decrease in radio-iron present at 96 hours post-dosing.
As was the case for liver values, spleen radio-iron content reached 
maximal or near Maximal'level at h8 hours post-dosing and maintained 
approximately this level seven days after dose administration. Both 
liver and spleen values are shown to decrease somewhat between hours 1*8 
and 96, before attaining peak levels again at 120 hours, but these dif­
ferences are probably of questionable significance, metabolically.
Kidney radio-iron content reached peak values at U8 hours post-dosing, 
with significant decreases noted at 96 and 168 hours following dosing. 
Data listed for whole femur content of radio-iron indicated statistically 
significant decreases in radio-iron content and concentration at 96 and 
168 hours post-dosing. There would appear to be a further decline in 
iron-59 content in the femur at 72 and 96 hours post-dosing, however 
these were not significant because of limited numbers of observations
during these time intervals.
When radio-iron, total iron and specific activity values for 
maternal muscle tissue were analyzed statistically, there were no 
significant differences noted at any time after dose administration.
This observation would indicate maximal deposition of radio-iron in the 
muscle following intraperitoneal dose administration to occur at five 
hours, and muscle iron content remained essentially unchanged thereafter.
Radio-iron concentration in the uterus and mammary tissues of 
rats showed a greater variation than most organs and tissues studied. 
Uterine iron-59 values appeared to approach maximum levels at about 
120 hours after dose administration and then decline in a highly sig­
nificant manner until 168 hours. Observations on mammary tissues were 
sparce, and none differed significantly, but data tended to indicate 
maximal radio-iron uptake to occur rapidly following intraperitoneal 
dosing. The relatively high concentration and specific activity values 
may be explained in part by the increasing amount of mammary development 
and the initiation of colostrum production as term approached.
Placental concentration of radio-iron showed no significant 
changes due to time after dosing. These data indicated therefore that 
iron-59 concentration in the placenta reached maximum proportions very 
quickly following dose administration, and these levels were maintained 
with a high degree of constancy until 168 hours post-dosing. If it is 
assumed that placental transfer of radio-iron is proportional to the 
iron-59 concentration in the placenta, it may be projected that rela­
tive placental transport of iron would remain essentially constant for 
the first seven days following dose administration.
Data presented in Table IV indicated the tendency for iron-59
Table IV: Summary of Radio-iron, Total Iron and Specific Activity Values of Maternal Organs and 
Tissues in Rats as a Function of Time After Intraperitoneal Dose Administration.
TTo7 Weight Percent Dose 1
Ti s s^e Animals HAD gms gm Total
Iron
mg/gm Total S.A.‘
Kidney
Liver
2 5 1.90 1.16 ± .007 2.20 + .13 .013 .025 8935 + 6U9
U 2U 2.22 1.08 ± .285 2.38
+
.587 .112 .2U9 1027
+ h56***
6 U8 2.18 2.98 ± 1.31 6.51 + 2.66 .05U .119 11008 ± 7650
1 72 1.81 .81U 1.1*8 .130 .236 626
2 96 2.20 1.79 t .27 3.87 + .26* .082 .179 2179 ±- 205***
6 120 2.26 2.83 ± 1.U9 6.22
+ 3.11 .071 .152 9167
+
13.321
8 168 2.19 1.65 ± .36** 3.61 ■+ .86** .052 .111 6518
+ 576U
1 5 12.12 1.06 12.85 .508 6.16 209
h 2k 11.1U 1.55 ± .38 17.53 + 5.21 .361 U.01 U37 + 398
6 U8 10.81 3.75 - .72** ho. 00 + 7.29** .302 3.33 13U5 + 376*
1 72 12.88 1.79 23.06 .199 2.56 899
2 96 10.02 3.U8 ± 1.02 33.1*7 + 5.36 .201 2.03 1755
+ 577
h 120 10.35 5.t0 - 1.66 55.92
+
17.31 .262 2.7U 2077
+ 712
10 168 10.57 U.88 - 2.Oh U9.87
+
15.95 .235 2.U7 2177
+
958
ON
Table IV: Continued.
W i  Weight Percent Dose 1 Iron
Tissue Animals HAD gins gm Total mg/gm Total S.A.2
Spleen 2 0.88 15.96 ± 2.17 11*. 01, + 0.53 .821 .738 1979 ± 527
1* 21* 0.95 9.25 - 2.1*7 8.89
+
2.89 .1*73 .1*1*8 1956 - 1*1*1
6 1*8 0.96 12.26 - 9/77 10.73 + 7.11 .626 .613 2079 ± 1363
1 72 0.95 3.27 3.12 .759 .725 1*31
2 96 1.01 3.51* - 1.02* 3.58
+
1.02* .538 .51*1* 61*1 - 102**
6 120 0.88 9.21* - 6.05 8.1*3 + 6.28 .596 .528 1561 ± 809
10 168 1.00 5.98 ± 3.58 6.39 I*.51 .51*3 .529 1665 - 2193
Muscle 2 5 .665 - .1*63 .032 221*3 ‘ 181*3
3 21* .390 ± .398 .019 2783 - 181*3
3 1*8 .1*83 1 .312 .021 21*86 t 2103
2 96 .551* - .221 .015 1*707 - 301*2
5 120 1.65 - 1.65 .021 11135 - 12060
8 168 .718 ± .560 .021 1*1*80 t 1*81*1*
Table IV: Continued.
No. Percent Dose X Iron
Tissue Animals HAD gms gm Total mg/gm Total S.A.2
Placenta 1 2k U.19 2.53 10.62 • .01*5 .189 5622
2 U8 U.15 2.63 ± .02 10.89 + .90 .053 .221 U938 ± 1*56
1 72 3.5k 1.67 5.92 .077 .273 2169
3 120 U . 16 1*.06 ± 1.62 16.73 + 6.72 .089 .366
+
1*666 - 2201
5 168 U.17 3.61 ± 2.27 15.05 + 9.20 .079 .332 53)46 - 2799
Uterus 1 2k 0.71 .271 0.19 .010 .077 2710
1 L*8 0.60 .271 0.13 .066 .001* 3617
3 120 0.7k 1.61* 1 .1*2 1.23 + .37 .011 .008 15255 - 14871*
k 168 0.81 .522 - .055*** 0.1*3 + .06*** .007 .008 9293 - 6177
Manun.
Tissue 1 2k 12.72 .021 60571
1 120 7.97 .019 l*19)i 7
k 168 1)*.56 ± 6.97 .029 62985 ± 1*7692
Table IV: Continued.
No.
Tissue Animals HAD
Weight
gms
Percent Dose 1
gm Total
Iron
mg/gm Total S.A.2
Femur 3 9 0.89 6.00 ± .83 9.38 ± .59 .267 .239 2286 - 353
1* 2l* 0.88 3.82 ± 2.29 3.21* ± 1.58 .215 .185 181*6 1 817
6 U8 0.80 2.87 ± 1.51* 2.33 ± 1.1*2 .182 .11*1* 1697 - 1102
1 72 1.02 .531 0.5U .163 .167 326
2 96 1.02 .690 ± .001*#* 0.70 ± .08*'* .11*5 .151 1*90 ± 89**
6 120 0.9U 2.13 ± 1.65 1.91* - 1.57 .151* .11*8 1527 - 1288
10 168 0.79 1.30 ±1.15 .963 ± .070*** .153 .120 826 ± 622
* significant at P. 10/? level.
** significant at ?.0$% level.
*** significant at P. 01$ level.
1 percent dose, corrected to absorbed iron-59, 100 mg maternal body weight.
2 specific activity arrived at by dividing percent dose per gram by mg iron per gram, fresh
weight.
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concentration in maternal organs and tissues to reach maximum levels 
after about U8 hours following dosing and generally, to remain at 
these peak levels throughout the experimental period. This tendency 
would indicate the relative distribution of radio-iron in rats to 
reach equilibrium at about U8 hours post-dosing. While these tendencies 
were observed and noted, definite conclusions were limited due to the 
small numbers of observations within each time interval.
Specific activity values, reflecting both total iron and radio­
iron values are also shown in Table IV, as a function of time after 
dose administration. These figures for liver indicated a statistically 
significant increase at 1*8 hours, after which time values did not 
change statistically. From day four to seven following intraperitoneal 
dose administration, pregnant rats exhibited a tendency for increased 
relative turnover rate of iron over the previous four days. Relative 
turnover rate for maternal spleen was shown not to have differed sig­
nificantly, except for a significant decrease at 96 hours, after which 
time values again increase. Kidney turnover rates were somewhat more 
variable, but decreased significantly at 2h hours, increased at I18 hours 
post-dosing, and then decreased significantly at 96 hours, finally re­
maining relatively high throughout the experimental period. Some degree 
of variability was noted in relative turnover rates for femurs at 
different times after dose administration, but significance was noted 
only in the decreased relative turnover rates observed at 96 hours post­
desing. Aside from this, it can be assumed that relative turnover rate 
of iron for this organ remained essentially unchanged for the first 
seven days post-dosing.
Relative iron turnover rate for muscle showed a tendency to
hi
reach maximum levels after 96 hours, but to remain above the 2h hour 
level until day seven. This observation was also made in regard to 
relative uterus turnover rate of iron. Relative turnover rate reached 
peak values 120 hours after dose administration, and then tended to 
remain essentially unchanged thereafter. Relative rates of iron in 
placenta and mammary tissue did not change significantly with time 
after dose administration, remaining constant for the seven day 
experimental period.
From these data, the general observation could be drawn that 
turnover rates for iron tended to reach maximum proportions on the second 
to fourth day after dose administration and maintained these levels 
throughout the remainder of the seven day period. These data further 
support the hypothesis that iron-59 in the rat reaches metabolic equi­
librium on about the second day post-dosing.
Individual iron values for maternal organs and tissue of rats as 
a function of time after oral dose administration are summarized in 
Tavle V with their respective standard deviations and statistical treat­
ments .
Radio-iron and total iron in the kidney did not change statistic­
ally with increased time after dosing. Specific activity values, 
reflecting relative turnover rates, however, indicated a significant 
decrease at 168 hours. However, it appeared that time following oral 
dose administration had no appreciable effect either on kidney uptake 
or storage of iron-59.
Liver values, while exhibiting some degree of variability, failed 
to show any statistically significant alterations as a function, of time. 
Radio-iron content of spleen following an oral dose administration were 
significantly greater at 2h hours, then at five hours, and then decreased
Table V: Summary of Radio-iron, Total Iron and Specific Activity of Maternal Organs and Tissues 
in Rats, as a Function of Time After Oral Dose Administration.
Tissue Animals HAD
Weight
gms
Percent Dose i 
gm total
Iron mg. 
mg/gm Total S.A.2
Kidney 1 2.38 0.522 1.2l* .013 .031 1*015
2 2l* 2.^2 .389 *- .313 1.02 ± .83 .01*3 .106 3551* * 1*702
1 1*8 2.28 .1*17 0.95 .012 .027 31*75
1 96 2.67 .31*0 0.91 .011 .029 3091
2 168 1.85 .1*99 ± .068 0.92 ± .05 .067 .121* 71*3 ± 68**
Liver 3 11.35 .592 - .109 6.68 t 1.18 • U36 I*. 81* 11*1 t 27
2 2l* 10.68 1.19 11 .502 12.1*9 1 I*.15 .290 3.07 1*02 *• 107
1 1*8 8.8U 1.62 Hi.33 .21*0 2.12 675
1 96 11.52 0.61*7 7.1*6 .327 3.77 198
1 168 12.02 0.553 6.65 .736 8.85 75
Spleen 1 5 0.69 0.632 o.UU .502 .351 126
2 2k 0.86 2.23 t .12** 1.91* t .12* .1*67 .1*20 512 * 179
1 1*8 1.38 12.78 17.69 .660 .913 1936
1 96 l.U* -1*9 4. 0.18 .537 .615 35
2 168 1.02 .628 +- .115** 0.61* +- .08** .1*1*5 • 1*1*8 165 t 76
Muscle 1 5 .127 .028 1*51*
2 2k .092± .001** .02!* 387 +- 113
1 96 .1*1*9 .009 1*989**
1 120 .329 .031* 968
2 168 .051 - .0001*** .013 1*06 t 56***
Table V: Continued.
Tissue
No.
Animals HAD
Weight
gms
Percent Dosel
gm Total
Iron
mg/gm
mg.
Total S.A.2
Femur 1 0.93 1.29 1.21 .226 .212 571
2 2k 0.99 .61!? i .006*** 0.62 ± .01#* .190 .189 31*0 ± 101
1 U8 0.76 3.U2 2.62*** .279 .211* 1226
1 96 1.00 1.9U 1.9U , .2U0 .21*0 808
2 168 0.90 .106 - .01*9*** o.io -  .09 .102 .093 102 i 29*
* significant at P.10$ level.
#* significant at P.0!?$ level.
*** significant at P.01$ level.
1 percent dose? corrected to absorbed iron-99, 100 gm maternal body weight.
2 specific activity arrived at by dividing percent dose per gram by mg iron per gram, fresh
weight.
reflecting the same tendency, but these did not attain significant 
proportions.
Values listed for the femur showed the greatest amount of highly 
significant variability, with both radio-iron concentration and content 
decreasing at 2k hours, then increasing to U8 hours to peak levels, and 
finally decreasing again to 168 hours following dose administration. 
While these differences did exist, and were very evident, their import­
ance in the metabolic behavior of iron is not entirely clear.
Muscle radio-iron concentration exhibited the same statistical 
significance as the values listed for femurs. There appeared a signif­
icant decrease at 2h hours, followed by an increase and finally 
another significant decrease at 168 hours post-dosing. These significant 
differences were also reflected in the specific activity values, which 
illustrated relative turnover rates. Again, the actual importance of 
this behavior is not clear.
Total radio-iron content and specific activity of fetal organs 
and tissues of rats as a function of time after dose administration are 
summarized in Table VI. Iron-59 content of fetal liver increased 
markedly from .03 to 28.k$ percent from 2h to U8 hours post-dosing, then 
actually decreased somewhat to 120 hours. A significant decrease was 
noted at 168 hours post-dosing. Specific activity values reflecting 
relative turnover rates, indicating a maximum turnover at U8 hours, 
followed by relative constancy throughout the remainder of the seven 
day period. However, relative turnover rates did decrease significantly 
at 168 hours versus U8 hours. Spleen radio-iron levels reflected no 
statistically significant alterations as a function of time after dosing. 
Spleen specific activity also reflected no change in relative turnover
Table VI; Summary of Radio-iron, Total Iron and Specific Activity of Selected Fetal Organs and 
Tissues of Rats as a Function of Time After Intraperitoneal Dose Administration.
Tissue
No.
Fetuses HAD
Weight
gms
Percent Dose* 
gm Total
Iron
mg/gm
mg.
Total S.A.2
Kidney 1 72 0.08 6.08 0.51 .005 .001* 12
1 120 0.07 6.01* 0.1*8 .008 ,001 755
1* - 168 0.08 5.83*14-37 0.5l*.l*l .008 .001*.000 11*92*1015
Liver 1 21* 0.36 .071 0,03 .11*6 .053 1
3 1*8 0.33 8k.lff-30.32 28.1*5*13.28 .169 .057*.006 1*87*181*
1 72 0.38 6.25 21*. 30 .11*7 .057 h3
1 120 0.1*0 1*5.55. 18,1*9. .209 .085 218
5 168 0.35 1*7.95-16.1*6* 16.63-U.93* .161 .05&.007** 309*1*3**
Spleen 2 1*8 0.07 52.87-32.61 3.8812.56 .159 ,012*.000l* 316*127
1 120 0.08 31.06 2.53 .11*6 .012 213
5 168 0.07 31.55*19.88 2.38*1.83 .211* .015*.001** 181*159
Femur 1 21* 0.05 .319 0.02 .073 .001* 1*
1* 1*8 0.01* 9.11**5.28 0.1*5*. 26 .065 .00l**.0001 321*229
1 120 o.o5 3.67 0.20 .066 .001* 56+ _
5 168 0.05 6.09*2.37 0.33*.12 .098 .005*.000 63-18***
* significant at P.10JG level.
** significant at P. 05$ level.
*** significant at P. 01$ level.
1 percent dose, corrected to absorbed iron-59, 100 gm maternal body weight.
2 specific activity arrived at by dividing percent dose per gram by mg iron per gram, fresh
weight.
Table VII: Summary Information on Whole Rat Fetuses as a Function of Time After Intraperitoneal 
Dose Administration.
HAD
No.
Fetuses
Length
mm
Weight
gms
Percent Dose-i- 
gm Toial
Iron
mg/gm Total S.A.
U8 9 ko 5.92 1.10±.26 6.56*1.60 0.01*3 0.257-.073 27-12
72 1 7.2U 2.72 19.69 .01*6 .333 59
120 10 39 6.21 0.759-.192 U.65-1.02 .ol*i .258—.08U 20*8
168 3U 39 5.60 0.665±.230 3.75±l.UU .01*1* .21*7*107 18*11
1 percent dose, corrected to absorbed iron-59 10~U.
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rate of iron with progressing time after dose administration. Generally,
kidney values for both radio-iron content and specific activity, indicated
/
similar tendencies, as did these values for the fetal slpleen, and did not 
alter significantly at any time. Radio-iron content in the whole fetal 
femur indicated a maximum deposition at U8 hours post-dosing, although 
not significant, followed by a gradual decline to 120 hours, and then 
a slight increase at 168 hours post-dosing.
Relative iron turnover rates of femur attained peak levels at 1*8 
hours, but then decreased significantly to 168 hours after dose 
administration.
Highest levels of radio-iron in the whole fetus (Table VII) was 
noted 72 hours post-dosing, with a significant decrease noted at hour 120 
and then remained constant to 168 hours after dosing. Whole fetal relative 
turnover rates, however, as indicated by specific activity values, did 
not change significantly during the experimental period, nor did any of 
the other data measured. Therefore, iron-59 accretion in the fetal rat 
appeared to reach maximal levels at or before U8 hours post-dosing and 
then remained essentially constant thereafter.
SUMMARY:
Data obtained during the "pilot phase" of this experiment served 
as a guide for practices and procedures to be followed in subsequent 
phases of placental transfer studies with other species. The results 
indicated pregnancy to have no significant effect on uptake, excretion 
or distribution of radio-iron in maternal rats at any given time after 
dose administration. While most of the radio-iron had been removed from 
the circulating plasma as early as eight to teii hours post-dosing, 
optimum tissue uptake occurred at about 2j.8 hours, perhaps indicating
iron storage in the metabolic pools to occur from iron of red blood cell 
origin. Placental transfer of iron to whole rat fetuses, however, remained 
essentially constant throughout the seven day experimental period, sug­
gesting that the majority of iron for transport across the placental mem­
branes is of plasma origin. Of the organs and tissues studied, liver 
consistently retained highest radio-iron concentration, followed in order 
by the spleen, femur and kidney. From data presented herein, it is post­
ulated that the added iron requirement during pregnancy approaches 2.1 mg 
to be available for accretion by a litter of eight. If it is assumed that 
ten percent dietary iron is absorbed, then it can be calculated that the 
necessary added dietary iron requirements for pregnancy in rats amounts 
to 2.1 mg or approximately 0.1 mg per day for 21 days.
PROCEDURES WITH OPOSSUMS;
The use of the marsupial in studies of this nature necessarily 
raises a few questions of acedemic interest. The marsupial animal bears 
its young somewhat prematurely and the fetuses migrate from the placenta 
and uterus into the pouch before they are fully developed. Here, pro­
tected by the natural surroundings of the pouch, and nourished by the 
mother's milk, the young grow and develop to become independent of the 
dam. Clearly this final stage of development cannot be strictly regarded 
as placental, while it is definitely due to the nourishment of the milk. 
Therefore, transfer studies during the last stages of pregnancy are 
probably a combination of placental and milk transfer. Due to the fact 
that the fetal organism can be sampled without the necessity of sacrificing 
the dam, the opossum becomes a convenient animal for the study of placental 
and milk transfer of various mineral elements.
Basically, this "pilot phase" of the study involved two parts.
1*9
In the first part, nine young male opossums were weaned and placed on a 
standard laboratory ration in individual metabolism cages for balance 
and tissue distribution studies. Following an adjustment period, the 
young opossums were given a single tracer level dose of iron-59 chloride 
(citrated) either orally or intraperitoneally? and total urine and feces 
were collected at 2h hour intervals. At 168 hours post-dosing, they 
were sacrificed and blood and selected organs and tissues taken for total 
iron and radio-iron analyses by conventional laboratory procedures as 
outlined under General Procedure.
The second part of the study involved 15 pregnant opossums 
obtained from local Louisiana woodlands in the final trimester of preg­
nancy. These animals were maintained on a standard laboratory ration and 
placed in individual metabolism units equipped for the quantitative 
separate collection of urine and feces and injected intraperitoneally 
with a single tracer dose of iron-59 chloride (citrated) for blood, bal­
ance and placental transfer studies as a function of time after dose 
administration. Urine and feces were quantitatively collected separately 
at 2h hour intervals and aliquots taken for total iron and radio-iron 
analyses as previously discussed. Periodic blood samples were withdrawn 
by cardial punctures for hemoglobin, hematocrit and iron-59 determinations 
by routine procedures. Animals were sacrificed from 2h to 168 hours after 
dose administration. Selected maternal and fetal tissues were taken for 
radio-iron and total analyses. In addition, fetus crown-rump length and 
weight measurements were recorded to more firmly establish age of fetus.
Data were collected, calculated to a standard basis in terms of 
maternal body weight and absorbed radio-iron, analysed by Student's "t" 
test for differences between means, and presented along with standard
50
deviations as a function of time after intraperitoneal dose administration.
RESULTS AND DISCUSSION:
Values for blood, fecal and urinary iron-59 in pregnant opossums, 
were indicative of the tenacity vith which the animal body retains 
endogenous iron for re-use in normal metabolic pathways.
The nine young male, weanling opossums maintained on a standard 
laboratory ration containing 302 ppm iron consumed, on the average,13.7 
gms of feed per day containing U.lU mg iron. They excreted, on the 
average, li.75 gms of feces per day containing 1.6l mg iron, and averaged 
a total iron balance of a positive 2.75 mg per day.
Radio-iron, total iron and specific activity of organs and tissues 
of young opossums 1608 hours after intraperitoneal and oral dose adminis­
tration are summarized in Tables VIII and IX respectively. All data were 
corrected to a standard body weight of 100 grams and to absorbed iron-59. 
At sacrifice, blood was the tissue of highest radio-iron content, followed 
by spleen and liver in orally dosed animals and by spleen and kidney in 
intraperitoneal dosed animals. In comparing the two routes of dose ad­
ministration no statistically significant differences were noted between 
blood values, when iron-59 was corrected to absorbed dose. No significant 
differences were observed for liver, but the kidney and spleen of orally 
dosed animals was significantly lower than intraperitoneally dosed animals 
in both total and iron-59 concentration. Values for femurs showed no 
statistically significant difference due to methods of dose administration. 
The differences noted for spleen and kidney are unaccounted for but may be 
clue somewhat to- the low number of observations in this trial.
Table X summarizes the radio-iron, total iron and specific activity 
of opossum maternal organs and tissues along with standard deviations and
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Table VIII: Summary of Radio-iron, Total Iron and Specific Activity of
Toung Opossum Organs and Tissues 168 Hours After Intra­
peritoneal Dose Administration.
Tissue
Animals Weight 
No. gm
Percent Dose 1 Iron 
gm Total gm
mg.
Total S.A.2
Hb3 cpy3
Blood 2 8.3 26.9 7.81 50.80** 0.028 0.185 276
±0.5 ±1.3 ±1 .21* ±8 .01* ±.002 ±.011 ±60
Liver 3 5.01 1.56 7.78 0.175 0.881 10
±0 .1*0 ±1.72 ±0.059 ±.271 ±6
Kidney 3 1.18 2.05 2 .1*8 0.026 0.0375 76
±0.98 ±1 .31* ±0.006 ±0 .001* ±31
Spleen 3 0.50 7.50 3.69 0.170 0 .081* 82
±8.80 ±1*.29 ±0.031 ±0.013 -57
Femur 3 0.1*7 1.13 0.51* 0.158 0.071* 7
±0.93 ±0.91* ±0.012 ±0.002 ±6
1 percent dose, iron-59, corrected to 100 gm body weight and to 
absorbed iron-59.
2 refers to percent dose, iron-59/mg iron/gm, fresh weight.
3 includes values for all animals 
** calculated as percent/gm x TBV.
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Table IX; Summary of Radio-iron, Total Iron and Specific Activity of
Young Opossum Organs and Tissues 168 Hours After Oral Dose
Administration.
Animal Weight Percent Dose1 iron mg.
Tissue No. gm gm Total gm Total S.A.2
Blood 6
Hb3 CPV3
6.9 22.6 
*1.7 -U.9
7.93
±9.73
51.56
±23.07
CVJ 
O
o 
o
 
• 
•
o 
o
 
+1 0.196±0.077
326
±86
Liver 6 5.06 1.2U
*0.51
6.32
±2.61
0.117
±0.056
0.586
±0.271
1U
±10
Kidney 6 1.17 0.92 1.07 
±0.09*** ±0.35**
0.035
±0.008
0.01*1
±0.007
27
Spleen 6 0.52 3.27
±1.60**
1.70
±0.81***
.162
±0.027
0.081*
±0.017
20
Femur 6 0.U9
1
0.60
±0.29
0.30
±0.1i*
0.100
±0.069
0.0U7
±0.031
9
±8
1 . percent dose, iron-59, corrected to 100 gm body weight and to absorbed
iron-59•
2 refers to percent dose, iron-59 divided by mg iron/gm, fresh weight.
** denotes significance at P.05/6 level.
*** denotes significance at P.01^ level.
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statistical treatment as a function of time after intraperitoneal dose
administration.
Values listed for the maternal liver indicated no statistically 
significant changes occurred in radio-iron concentration, total iron-59 
content or specific activity at any time up to 1608 hours dose adminis­
tration. Relatively large variation existed in these values and there 
were only a small number of observations in each group, both of which 
may have accounted for the balance of any significant variation. The 
tendency observed was that liver storage of iron-59 reached near maximal 
levels by 2k hours post-dosing and then maintained these levels through 
792 hours, with a tendency toward depletion at 1608 hours following dose 
administration. Specific activity values reflected the increased relative 
iron turnover rate following 2k hours and then a slight decrease was 
noted which remained essentially unchanged through 1608 hours post-dosing.
Spleen radio-iron levels showed the tendency for greatest concentra­
tion and storage at 2h hours. Values listed for 792 and 1608 hours were 
also significantly lowered over those for lUU hours, which indicated a 
constant state of iron storage and turnover rate in the opossum spleen 
between 6I4.8 hours and 1608 hours following dose administration. These 
figures illustrated the tendency for maximum iron storage and relative 
turnover rates to occur early after dosing and then to decrease with 
time after dosing.
The maternal kidney showed no significant time effects upon any 
iron-59 concentration, content or specific activity, indicating a rela­
tive constancy in iron metatjolic behavior as a function of time after
\
intraperitoneal dose administration.
Data listed for the rriaternal opossum femur shaft, femur end, rib
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Table X: Suimnary of Radio-iron, Total Iron and Specific Activity of
Maternal Opossum Organs and Tissues as a Function of Time After
Intraperitoneal Dose Administration.
No. Weight Percent Dose 1 ~ iron
Tissue Animals HAD gm gm Total mg/gm____ S.A.2
Liver 1 21* 152 0.22 15.20 0.175 127
2 11*1* 132 0.03
±0.01
8.U3
±9.00
0.185
±0.000
lk
±1*
5 792 131 .0.07
-0.07
10.31
±12.11
0.186
±0.017
38
±1*9
1 1608 11*1* 0.0L* 5.62 0.177 22
Spleen 1 2h 13.9 0.92 12.79 0.167 55o
2 1UU 12.2 0.06
-0.08
6.93
±9.08
0.209
±0.006
301*
±1*01
5 792 12.2 0.0^
±0.03
0.61*
±0.1*1**
0.158
±0.032
35
±30
2 1608 13. U 0.07
±0.01
0.97
±0.06*
0.151 . 
±0.009
1*7
±11*
Kidney 1 2k 18. k 0.09 1.75 0.01*2 226
2 lkk 16.0 0.02
±0.01
0.28
±0.15
o.ol*5
±0.000
1*1
±26
5 792 Hi. 7 0.03
±0.02
0.1*1*
±0.15
co
o
 
o 
o
 
. 
.
72
±121
2 1608 17.7 0.07
±0.07
0.72
±0.38
0.062
±0.052
123
±100
Adrenal 1 2k 1.2 0.23 0.27 0.101* 216
1 1kk 0.9 0.08 0.09 0.101 82
k 792 1.3 0.12
±0.15
O.ll*
±0.17
0.061*
±o.o5l*
156
±123
2 1608 1.0 0.07
±0.00**
0.08
±0.00**
0.103
±0.006*
71
±00
55
Table X: Continued.
Tissue
No.
Animals HAD
Percent Dosel 
gm
Iron
mg/gm S.A.
Muscle 2 792 0.02- ± .0 .0 1 0 .012  ± 0 .0 1 9 78 ± 2U
2 1608 0 .0 1  t o.OO 0 .032  - 0 .006 3U -  7
Placenta 1 1 hh 0 .0 1 0 .139 6
3 792 0 .0 1  - 0 .0 0 0 .1 53  -0 .03U U ± 3
2 1608 0 .0 1  ± 0 .0 0
•HOH«O 0 .0 1 6 9 * 1
Mamm.
Tissue 2 lW i 0 .0 3  - 0 .0 1 0 .0 5 6  ± 0 .0 15 5 - 2
5 792 0 .0 5  1 0 .0 5 0 .0 57  ± 0 .016 100 - 90
1 1608 0 .0 7 0 .0 86 89
Femur
Shaft 1 2h 0 .0 6 0.038 152
2 HiU 0 .0 1  ± 0 .0 0 0 .0 35  ± 0 .0 15
00rH+1OCM
3 792 0 .0 1  ± 0 .0 1 0 .0 3 6  - 0 . 01U 19 -  1U
1 1608 0 .0 1 0.0U7 19
Femur
Epip 1 2U 0 .0 9 0 .050 189
2 lhh 0 .0 1  ± 0 .0 1 0 . 0U2 ± 0 .016 25 *  23
3 792 0 .0 1  ± 0 .0 1 0.038  ± 0.011* lU  ± 18
1 1608 0 .0 1 0 .050 26
Rib
Shaft 1 2h 0 .0 6 0 .027 203
1 792 o .ou 0 .035 128
radio-iron.
 ^ refers to percent dose, iron-59/mg iron/gm, fresh weight X10~2.
* denotes significance at P.10JG level.
** denotes significance at P.05£ level.
*** denotes significance at P.OljK level.
shaft, muscle, mammary tissue and placenta showed no statistically 
significant differences due to time after intraperitoneal dose 
administration.
Table XI summarizes the radio-iron, total iron and specific 
activity of opossum fetal organs and tissues as a function of time after 
intraperitoneal dose administration, along with statistical treatment 
and standard deviation values. Peak liver and spleen iron-59 and total 
iron concentration occurred at llil* post-dosing, and then decreased 
significantly to 792 hours. Specific activity values reflected the same 
tendency for maximal relative turnover rate to occur about lUU hours, 
followed by a similar decline. These data implied fetal iron-59 liver 
storage to be most active during the first ll^ U hours, after which time 
hemapoiesis and fetal demands were reflected in decreasing storage levels.
Iron and radio-iron concentration and specific activity of the 
fetal kidneys followed a pattern similar to those listed for liver and 
spleen. The tendencies for maximum storage of iron and relative turnover 
rates were shown to occur at liUi hours after dosing. However,there were 
no statistically significant differences observed and from this standpoint 
it was concluded that fetal kidney iron metabolism remained essentially 
unchanged between 96 and 792 hours post-dosing.
The fetal femur showed the same general tendency for iron-59 
concentration and iron content to reach maximum proportions by lkh 
hours after dosing, followed by significant decreases to 792 hours.
The absence of significant alterations in relative turnover rate 
were probably attributable to small numbers of observations involved.
The red bone marrow of the fetal femur became increasingly active by 
XI4.U hours, and then continued at an increased rate thereafter.
Table XI: Summary of Radio-iron, Total Iron and Specific Activity of Fetal Opossum Organs 
and Tissues as a Function of Time After Intraperitoneal Dose Administration.
Animals Weight Percent Dose 1 Iron, mg.
S.A.2Tissue No. HAD gm gm Total gm Total
Liver 2 96 1+.80 0.02
±0.00
0.08
±0.01
0.128
±0.087
0.621
±0.1+25
17
±15
2 120 3.61 0.02
±0.01
0.06
±0.07
0.112
±0.089
0.385
±0.780
30
±1+2
3 H+1+ 2.55 0.05
±0.01
0.11+
±0.01*
0.072
±0.015
0.196
±0.109
67
±9
3 792 2.70 0.02
±0.00**
0.01+
±0.03
0.108
±0.067
0.317 - 
±0.278
21
±11
Spleen 2 96 0.81 0.03
±0.00
0.06
±0.05
0.121+
±0.010
0.101
±0.011+
21+
±6
2 120 0.82 0.13
±0.02
0.10
±0.5
0.178
±0.021+
0.11+9
-0.066
69
±1**
3 1UU 0.8U 0.1+9
±0.1+6
0.39
±0.1+1
0.209
±0.012
0.177
±0.038
21+8
±291+
2 792 0.99 0.03
±0.01?**
0.03
±0.01***
0.125
±0.012*
0.121+
±0.012
21+
±6**
vn
—0
Table XI: Continued.
Tissue
Animals Weight Percent Dose 1 Iron, mg.
No. HAD gm gm Total
.. ... gm Total S.A.2
Kidney 2 96 l.ll* 0.01
±0.00
0.01
±0.00
0.-021*
±0.001
0.027
±0.001
26
±8
2 120 0.98 0.01
±0.01
0.01
±0.01
0.028
±0.000
0.028
±0.001
12
±2
1 1UU 0.98 0.02 0.02 0.025 0.02)* 91*
3 792 l.Oi* 0.01
±0.00
0.01
±0.00
0.021*
±0.002
0.025
±0.002
31*
±16
Femur 2 96 0.3h 0.01
±0.00
0.002
±0.000
0.123
±0.008
0.01*2
±0.011*
5
±1
2 120 0.32 0.02
±0.00*
0.01
±0.00
0.159
±0.007
0.051
±0.008
12
±2
3 U*U 0.31* 0.10
±0.1?
0.03
±0.05
0.165
±0.008
0.056
±0.011
63
±92
2 792 0.32 0.01
±0.00
0.002
±0.001*
0.11*2
±0.032
0.01*5
±0.003
5
±2
1 percent dose, iron-59, corrected to 10 pound maternal weight and to absorbed radio-iron.
2 refers to percent dose, iron-59/mg divided by iron/©#, fresh weight, X10“2.
* denotes significance at P. 10/6 level.
** denotes significance at P. 05^ levels
*** denotes significance at P.01^ level.
Table XII: Summary of Fetal Opossum Measurements as a Function of Time After Intraperitoneal Dose 
Administration.
HAD Fetuses Weight Length
Percent Dose ± 
gm Total
Iron 
gm Total S.A.
h 6 5.69 3.6 .0351 .1890 .0168 .0882 220
-.0315 ±.3072 ±.0019 ±.1199 ±205
2k 2 3.5 .0270 .1232 . .0261 .1113 8a
±.0318 ±.1736 ±.0085 ±.oa86 ±116
72 8 6.2fc a.o .0253 .1009 .0207 .11*06 ' 190
-.0223 ±.1053 ±.001*1 ±.U58 ±293
96 5 6.Ui U-6 .0602 .381*0 .0299 .1919 202
±.0081*** ±.0388*** ±.0032*** ±.0259 ±27
Ihk 8 12.95 U.8 .0655 , 1.2330 .0178 .2396 372
±.0602 ±1.1*1*01* ±.0039 ±.207a ±330
168 8 16.39 5.8 .0263 .5123 .0191 .291*1 137
±.0215 ±.5928 ±.0021 ±.2675 ±110
336 2 15.1|0 5.5 .0056 .123^ .0211 .3a73 23
±.0077 ±.1733 ±.ooaa ±.27a5 ±31
360 8 18.22 5-1* .037U A .917a .0221 .a6ai 160
±.0223 ±1.1352 ±.ooa3 ±.a97i ±81
7UU 2 U2.80 9.5 .021*5 1.3890 .0395 2.3115 65
±.011*8 ±1.7551 ±.0275 ±2.9678 +7#*
denotes significance at P.10% level.
** denotes significance at P.05# level.
*** denotes significance at P.0156 level.
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These data indicated iron to enter into the blood of the fetal 
opossum by Ujli hours after being introduced into the dam, and suggested 
iron transferred across the placental membranes to originate from the 
iron in liver, spleen and red bone marrow.
Table XII summarizes the length, weight, radio-iron, total iron 
and specific activity of whole opossum fetuses as a function of time 
after intraperitoneal dose administration with standard deviations and 
statistical treatment.
Values listed in these tables indicated aron-59 transfer across 
the placental membranes of the opossum to be initiated rapidly with 
readily measureable quantities being transferred as early as four hours 
after maternal dose administration. At 96 hours following dosing, a 
significant increase was shown in radio-iron concentration, content and 
total iron of opossum fetuses as opposed to four hours after dosing. 
Relative fetal iron turnover rates shoved statistically significant de­
creases at 336 hours post-dosing.
The relatively large amounts of iron -59 transferred across the 
placental membranes prior to four hours following maternal dose adminis­
tration implied source of iron for transfer to be the maternal blood 
plasma, since no iron had entered the red blood cells by this time. It 
also implies that iron in plasma is immediately and readily available for 
placental transfer to the fetus. The significantly greater amounts of 
radio-iron transferred at 96 hours post-dosing, however, suggested that 
erythropoietic iron may also have been available for placental transfer, 
perhaps as a result of premature erythrocyte destruction, or possibly, 
stored radio-iron was re-entering the circulating plasma, thereby be­
coming available for placental transport.
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SUMMARY:
In general, maternal tissue distribution, excretion and blood 
uptake of radio-iron in the opossum paralleled those values listed pre­
viously for the pregnant rat.
Among fetal tissues investigated, lUU hours following dose 
administration seemed to be the time for maximal fetal radio-iron 
storage and relative turnover rates, indicating that transferred iron 
entering the fetal organism must first be assimilated and stored 
before it becomes available for incorporation into the hamapoietic 
functions of the liver, spleen and red bone marrow.
The significant amounts of iron-59 were found in fetuses as 
early as four hours after intraperitoneal dose administration would 
imply the maternal blood plasma to be the primary source of iron 
transfer to the fetus. However, significantly greater amounts were 
transferred at 96 hours as opposed to four hours post-dosing, signi­
fying the possibility of an additional source of iron transfer.
In that theseftetuses had already migrated to the maternal pouch, 
the possibility of milk transfer of radio-iron to the fetus becomes 
evident. Decreases in iron-59 content of opossum fetus with time after 
dose administration indicated the possibility of a retrograde iron 
transfer from fetus to dam or that some of the radio-iron in the fetus 
was being replaced by turnover.
PROCEDURES WITH SWINE:
Interest in the absorption and assimilation of iron in swine 
nutrition has led to numerous investigations on this subject. Of all 
species of farm animals, swine have been of greatest interest in regard 
to iron metabolism, because this species has most commonly been associ­
ated with iron deficiency anemias. The newborn pig, especially, has been 
susceptible to anemia prior to weaning and has required iron supplemen­
tation to all pigs in one form or another a4 a general rule of preven­
tion therapy. Adult swine exposed to adequate dietary intake on pasture 
have been afforded a reasonable insurance against the manifestations of 
anemia. The baby pig, however, due to relatively small amounts of iron 
present in the body at birth, extremely rapid rate of growth and the low 
iron content of milk, has been much more susceptible to these anemias 
and thus has been of primary interest in studies related to the anemias 
of farm aniihals.
Becaiise of this interest in baby pig anemias in recent years and 
due to the relatively small amount of information available on the pla­
cental transfer of iron in swine, this study was initiated. Radiochemical 
procedures were employed to measure this transfer and maternal-fetal 
tissue distribution of iron in nine pregnant and three control gilts of 
the Hampshire and Poland-China Breeds as a function of gestation age. 
Methods: Initially 12 gilts were selected and bred and then randomly 
divided according to breeding date into three groups for sacrifice at 
35, 70, and 105 days gestation. From the twelve animals bred, three 
proved to be nonpregnant and served as control individuals. All gilts 
were maintained on adequate rations and managed under conventional farm 
conditions.
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Prior to saorifice, all animals were placed in individual metab­
olism units, equipped for the quantitative separate collection of urine 
and feces, for an adjustment period. Each gilt was then dosed intraven­
ously with a single tracer level dose of .iroh-59 chloride (citrated) U8 
hours before Sacrifice. They were maintained on a ration of known com­
position throughout the experimental period and feed intake was measured 
daily to facilitate calculation of the iron balance data. Water was made 
available ad libitum. Urine and feces were quantitatively collected sep­
arately at 12 hour intervals, mixed and aliquots taken for radio-iron and 
total iron determinations as outlined under General Procedures.
Periodic blood samples were withdrawn from the jugular vein by means 
of an heparinized syringe for measurement of total iron and radioactivity. 
Plasma samples were employed for routine radiochemical and total iron 
analyses to allow calculation of plasma clearance rate of iron-59 and for 
total blood volume estimations. At sacrifice, selected maternal and fetal 
organs and tissues were taken as outlined under General Procedures for 
radib-iron and total iron analysis by conventional laboratory procedures.
In addition, fetal weight and crown-rump length measurements were made 
to more firmly establish age of fetus.
All data were calculated, analyzed statistically using Student‘s 
"t" test as outlined by Snedecor (1956), and presented with standard dev­
iations as a function of gestation age.
RESULTS AND DISCUSSICN:
Iron Absorption and Excretion; Perhaps the first question to be answered 
in dealing with the nutrition and metabolism of any mineral element has 
to do with general body status in regard to that element. For this reason,
total iron balances (chemical) were calculated for each gilt in this 
study. Four of the 12 experimental animals were shown to be in negative 
iron balance, but these animals were also shown to have somewhat reduced 
appetites. Dietary iron intake averaged 951 mg per day and excretion was 
901 mg per day. Feed averaged U63 ppm iron, therefore it was calculated 
that gilts were in positive iron balance by approximately 50 mg per day. 
It was concluded that these animals were in a satisfactory overall status 
in regard to iron balance and thus could be assumed to be normal. Since 
results of this study indicated that pregnancy exerted no effect on the 
pattern of urinary fecal-excretion of iron in swine, excretion values 
were grouped together for all animals.
Figure 1 graphically illustrates the accumulative total percent 
dose of iron-59 appearing in the feces as a function of time after admin­
istration' in both intravenously and orally dosed animals.
While only a minute quantity of iron is normally excreted by the 
animal body, far more appears in feces than in urine. It was noted in 
this study that considerable variation occurred between average fecal 
values for individual animals. After 1*8 hours following dose administra­
tion, less than one-quarter of one percent of the injected dose had been 
eliminated in the urine of pregnant gilts.
Values for urinary excretion of radio-iron for both intravenous 
and orally dosed animals showed striking agreement with values reported 
earlier for other species, and further illustrated the limited capacity 
of the animal body to excrete iron by either the gut or the kidney. No 
significant effect due to pregnancy was noted on either urinary or fecal 
excretion of radio-iron and all values were therefore considered together 
in calculations.
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Figure 1: Accumulative Fecal Excretion of Iron-59 in Pregnant Gilts as a Function of Time 
— ---  After Intravenous and Oral Dose Administration.
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Table XIII: Hemoglobin and Hematocrit Values of Swine Dams and Fetuses 
as. a Function of Gestation Age.
Days of 
Gestation
Number’
Samples
Hemoglobin level (g/%) 
Maternal Fetal
Cell Pack Values(%) 
Maternal Fetal
0 12 11.3U 1*0.9
± 0.1*0 ± 3.9
35 9 11.63 — — — 38.2 — w
± 0.98 1 2.9
70 21* 9.1*9 6.97 35.7 32.1
*1.1*9 ±0.99 ± 3.7 ± 1.2
105 13 10.77 5.83 1*2.9 23.U
± 1.10 -3.50 ± U.5 ±10.6
1 samples for both dam and fetus.
One of the most important considerations in conducting an inves­
tigation involving iron absorption and assimilation involves use of 
experimental animals free from symptoms of anemic conditions, since 
iron absorption, and metabolic processes involving iron assimilation 
are necessarily altered in the anemic animal. Probably the fastest and 
most accurate method of determining the iron status of the animal in­
cludes a survey of hemoglobin levels in conjunction with hematocrit 
values. Table XIII shows hemoglobin and hematocrit levels of both dams 
and fetuses as a function of gestation, at time of sacrifice. These data 
indicate that values for swine dams were within normal limits at each 
stage of pregnancy and that pregnancy exerted no appreciable influence 
on these levels and, that values for non-pregnant control animals were 
not noticeably different from those of pregnant individuals. Fetal values 
indicated that, for both the 70 and 10£ day groups, hemoglobin and hemato-
67
crit values were lower than the corresponding figures for maternal blood. 
Reports in the literature have indicated a higher hemoglobin value for 
newborn pigs, than is shown for the 105 day group here (Pond, et al.,1961). 
The values for the 105 day group were taken approximately seven days 
prior to farrowing, and whether or not this additional seven days of 
fetal age would appreciably effect the hemoglobin levels listed for pigs 
is unknown. Assuming hemoglobin levels listed for pigs at 105 days ges­
tation to be approaching normal for newborn pigs, and considering the 
characteristically low iron content of milk, it becomes increasingly 
apparent why baby pigs are extremely susceptible to anemias prior to 
weaning age.
Blood Iron-59? Figure 2 illustrates graphically the total percent dose 
iron-59 appearing in whole blood of swine as a function of time follow­
ing intravenous and oral administration. Immediately after intravenous 
dose administration there was a rapid decline observed in the slope of 
the curve, during which time radio-iron was being actively removed from 
the circulating plasma and being stored, and/or incorporated into devel­
oping erythrocytes. The sharp incline approximately two days post-dosing 
illustrated the rapidity with which radio-iron was incorporated into 
hemoglobin of newly formed red blood cells re-entering the circulation.
The plateau effect observed after four days would theoretically remain 
until such time as the newly produced red blood cells were broken down 
and/or removed from the peripheral circulation. The oral curve served to 
illustrate the relative red blood cell uptake of iron-59 following an 
oral administration.
Tissue-Organ Distribution; Table XIV summarizes the percent dose iron-59» 
total iron and the specific activity in maternal organs and tissues of
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Figure 2; Whole Blood Uptake of Iron-59 in Pregnant Gilts as a Function of Time After Oral 
and Intravenous Dose Administration.-
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swine sacrificed I4.8 hours after Fe-99 dosing as a function of gestation 
age. Values are listed as percent dose and specific activity per gram 
X10“k. All values were corrected to 100' pound maternal body weight and 
to absorbed iron-99, in order to facilitate more direct comparison of 
values, and to emphasize distribution of that portion of radio-iron 
actually retained by the animal organism. For the most part, soft tis­
sues take priority over bone in the assimilation of iron, with the 
possible exception of red bone marrow. For this reason, soft tissues 
have been listed first in the table, followed by the bone. In most 
instances, pregnancy seemed to exert no pronounced influence on iron 
and iron-99 in maternal organs and tissues.
Looking first at kidney iron-99 values, it is noted that in the 
control gilts, percent dose per gram and the total percent dose of iron- 
99 were approximately one-half that in animals at 39 days gestation, 
although sample variation prevented these differences from being statis­
tically significant. By comparison of 35 day values to those observed at 
70 and 109 days gestation, no significant age differences were noted.
Total iron concentration remained essentially constant over all pregnant, 
but was significantly (K.10) lowered in pregnant over non-pregnant 
animals. Kidney specific activity values in the control gilts approximated 
one-third that of gilts during pregnancy, though differences were not 
statistically different. The tendency toward increased kidney iron-99 
concentration in pregnant animals over non-pregnant animals indicated an 
accumulation of radio-iron in the kidney of pregnant gilts. The observed 
increase in kidney specific activity values in pregnant over non-pregnant 
animals implied an increased turnover rate of iron with the onset of ges­
tation, although stage of pregnancy exerted no significant effect on this
Table XIV; Summary of Iron, Iron-59 C oncentration, and Specific Activity
(S.A.) in Selected Swine Maternal Tissue and Total Organs as
a Function of Stage of Gestation.
Percent Dose 1 Iron o
Tissue Weight gm Total mg/g Total S.A.2
0 Days Gestation (3 gilts)
Blood3 U6.U5 
±19.U7
39.05 
±23.2U
0.05U
±.028
632 860
±350
Kidney 150 20.26
+-15.03
0.30
±0.29
0.091
±.032
13.7 206
±8U
Liver 2578 65.82
*23.11
17.02
±9.06
.162
±.117
U17.6
-97
Spleen 193 61.66
iUU.75
1.19
±0.06
.371
±.130
71.6 155
±7U
Muscle — 3.95
ii.58
— .016
±.003
+265
±169
Adrenal 2 93.9U 
±6U.86
0.02 .100
±.065
0.2 162U
±1999
Uterus 538 U.85
±3.31
0.26
±0.08
.018
±.006
9.7 33
±23
Rib
Epiphysis — 50. Wi 
±61.OU
— .060
±.019
J5 2 
±773
Rib Shaft — 9U.0U 
±27.U8
— .033
±.015
29U6
±550
Sternum 165.2k 
±11.09
.01*8
±.005
3hh2
±33
F.Bone
Marrow — 2.9U
±1.58
— .010
±.002
213
±101
Femur
Epiphysis — 29.68 
±25.OU
— .020
±.009
1315
±7U0
Femur Shaft — U.iiii
±3.26
-- .013
±.012
h 39 
±513
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Table XIV: Continued.
Percent Dose 1 . Iron
Tissue Weight gm Total ihg/ g Total_____ S.A.2
35 Days Gestation(2 gilts)
Blood3 60.36
*39.26
1*0.83
*29.38
.053
*.012
717 1139
*1*83
Kidney 170 37.hk 
±20.89
0.63
±0.1*5
.060
±.ool*
10.2 608
±302
Liver 2056 106.07
*78.01
21.80
*15.92
.11*8
*.08l
301*. 3 670
*172
Spleen 19l* 230.95
±129.88
U.U8
±2.20
.289
±.02l*
56.1 831
±51*9
Muscle --- 2.07
±1.07
--- .015
±.001
135
±79
Adrenal 3 68.53 
^11.82
0.02
±.01
.068
±.013
0.2 1032
±37U
Amniotic
Fluid
13U6 0.28
±.05
O.Ol*
±0.01
.002
±.001
2.7 122
±85
Placenta 2550 6.19
±2.73
1.58
±0.9U
.012
±.000
30.6 U83
±191*
Rib
Epiphysis
— 306.79
±89.61
--- .089
±.017
3398
±328*
Rib Shaft 126.55
±21.39
--- .030
±.000
1*151* 
±612
Sternum — 225.79
-5U.26
--- .057
±.007
3871*
±1*58
F .Bone 
Marrow
— 2.62 --- .011 230
Femur
Epiphysis
— U6.3U
±10.85
--- .019
±.002
2385
±265
Femur
Shaft
— 2.87
±2.23
--- .010
±.000
291
±21*3
72
Table XIV: Continued.
Percent Dosel Iron
Tissue Weight gm Total rag/g Total S.A.2
70 Days Gestation (1* gilts)
Blood3 57.00
±8.23
1*9.51*
±10.60
.069
±.017
1096 826
±61*6
Kidney 192 37.13
±16.55
0.71
±.35
.050
±.009
9.6 61*7
±299
Liver 2258 132.86
±65.73
29.81 
±ll*. 65
.122
±.01*6
275.5 111*6
±1*88
Spleen 216 158.29
±67.35
3.1*1
±1.18
.361*
±.08l
78.6 399
±181**
Muscle — 2.21* 
± .1*7
— .Oil*
±.oo5
166
±83
Adrenal 3 121.66
±89.92
O.Ol*
±0.02
.051*
±.031*
0.16 i860
±11*16
Amniotic
Fluid
11*1*9 0.18 
± .05
0.03
±0.01
.003
±.000
U.3 103
±91*
Placenta 1*317 6.39
±8.67
2.76
±3.28
.016
±.009
69.1 356
±75
Mamm.
Tissue
— 2.U1
±.90
— .091*
±.077
1*3
±18
Rib
Epiphysis
— 372.87 
-71*. 93
— .099
±.058
1*935
±6680
Rib Shaft — 161*. 71 
±55.39
— .01*1*
±.007
1*176
±918
Sternum — 218.03
±177.79
— .069
±.089
371*1* 
±6100
F.Bone
Marrow
— 1*.08 — .008 1*86
Femur
Epiphysis
— 91.29
±90.68
— .096
±.129
2713
±792
Femur
OU.M
— 2.17
± to
— .012 
i noA
193
toi
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Table XIV: Continued.
Percent Dose -L Iron
Tissue Weight gin fcrbal mg/g ToUST S.A.2
105 Days Gestation (3 gilts)
Blood3 70.31*
±a.U2
62.83
±1.12
.101
±.006
1625 696
±U3
Kidney 166 1*0.89
±9.81
0.68
±0.09
.070
±.005
11.6 583
±1*7
Liver 2087 170.21* 
±98.23
35.1*8
±3.39
.157
±.031
327.6 1097
±187
Spleen 232 15U-36
±68.09
3.57
±0.78
.362
±.031
8U.1 1*26
±89
Muscle --- 5.92
±a.95
--- .022
±.007
21*7
±73
Adrenal 3 72.50
±56.67
0.02
±.01
.061*
±.027
0.2 1177
±197*
Amniotic
Fluid 2070 2.23
±1.87
0 .1*6
±0.17
.030
±.015
62.1 112
±122
Placenta 1*929 6.71
±1.89
3.31
±0.81
.020
±.005
99.0 31*7
±11*1*
Mammary
Tissue --- 7.83
±3.98
--- .022
±.013
358
±50**
Rib
Epiphysis --- 309.1*9 
±96.11
--- .068
±.008*
1*601*
±1398
Rib Shaft --- 99.12
±1*2.11
--- .026
±.001***
362
±1719
Sternum --- 197.91* 
±68.03
--- .0U1
±.013
5196
±221*5
F.Bone
Marrow --- a .03
±.82
— .011
±.006
.399
±iai
7U
Table XIV: Continued.
Tissue Weight
Percent Dosel Iron
S.A.2gm Total mg/g Total
Femur
Epiphysis — 51.99 — .022 2U1U
+17. lit ±.033*** ±10U5
Femur
Shaft — 5.58 — .007 768
-1.90 ±.001** ±26it
1 percent dose iron-59 per gram, fresh weight, XIO"^ , corrected to 
100 pound body weight and to absorbed iron-59 after U8 hours.
2 specific activity = percent dose iron-59/mg iron/gm,of fresh weight
xio-k.
3 total iron values calculated from Hb values X0.3U.
* denotes significance at P. 10^ level.
** denotes significance at P.055? level.
*** denotes significance at P.015? level.
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pattern of behavior. Kidney total iron content remained constant through­
out pregnancy.
Liver iron-59 concentration values exhibited a definite tendency 
to increase at 35 days gestation over controls-and even though not 
significant, this increase maintained throughout pregnancy, with the 
highest values observed at 105 days gestation. Figures for percent dose 
of iron-59 in the total liver showed somewhat the same tendency, >i th no 
significant effects being present for liver during gestation. However 
relative quantity tended to increase progressively throughout pregnancy. 
Total liver iron remained quite constant in all groups of animals and 
this concentration did not alter significantly with stage of gestation. 
Liver specific activity values showed a progressive increase (not of 
statistical magnitude) with each stage of pregnancy, indicating a greater 
turnover rate with advancing pregnancy. These tendencies suggested liver 
iron storage, or rate of storage, to increase progressively with advancing 
gestation. Total iron content in liver showed a tendency to decrease with 
pregnancy, but did not change significantly.
Radio-iron concentration in the maternal spleen of swine increased 
somewhat with the onset of gestation, although concentration did not change 
significantly. Total iron concentration in the spleen remained constant in 
both pregnant and non-pregnant gilts. This pattern was similar to that 
observed for both the liver and kidney. Similarly to the pattern exhibited 
in the kidney, spleen specific activity values apparently increased with 
the onset of pregnancy, but did not differ statistically between respect­
ive stages of gestation except for the observed decrease at 70 days.
These data illustrated a tendency for the spleen to increase rate of iron 
storage and mobility with the onset of gestation, independent of stage of 
pregnancy.
Muscle iron-^9 concentration did not change statistically with 
the onset of pregnancy, nor with stage of gestation. Total iron concen­
tration in the maternal muscle of swine was relatively constant in all 
groups of animals with no statistical difference noted between groups. 
While muscle specific activity varied somewhat between different groups 
of gilts, no definite trends in iron turnover or mobility could be 
established in these animals. These data would indicate no alteration in 
storage or rate of iron metabolism in pregnant over non-pregnant animals, 
and iron metabolism in skeletal muscle was then assumed to remain rela­
tively constant.
Relatively larger variation was observed in iron-£9 concaitration 
in the adrenal gland, but the apparent tendency noted was for values to 
remain constant between non-pregnant and pregnant animals, with no sig­
nificant differences noted due to stage of gestation. Much the same tend­
ency was observed for total adrenal iron concentration and iron content, 
with no statistical differences between groups.
Values listed for rib epiphysis and rib shaft of maternal swine 
showed an apparent, but nonsignificant, increase in concentration of 
radio-iron with the onset of pregnancy. However, in neither case was 
there any appreciable difference noted between the various stages of 
gestation. In both the rib epiphysis and rib shaft, total iron concen­
tration remained unchanged in pregnant and non-pregnant animals, with 
stage of gestation exerting no noticeable effect until the final trimes­
ter, when a significant (P^.Ol) drop was noted. Specific activity values 
showed a statistical (P<^ 10) increase at 31? days gestation for the rib 
epiphysis, indicating an increased relative turnover rate of iron with 
the onset of pregnancy. These values did not change significantly for
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either tissue in respect to stage,of gestation. Values listed here in­
dicated an increased rate of iron-59 storage in the rib epiphysis and 
rib shaft with the onset of pregnancy. Specific activity figures reflected 
the increased mobility of iron-59, especially in the rib epiphysis, in 
pregnant over non-pregnant animals.
Sternum radio-iron concentration values showed no increase during 
pregnancy and total iron concentration remained relatively constant for 
all groups and between trimesters, showing no alterations bdween stage 
of gestation. Sternum specific activity values illustrated no specific 
effects due to pregnancy. These figures indicated a slight- tendency for 
increased iron storage or rate of storage in advanced pregnancy, but this 
was not evidenced from balance studies.
Iron concentration in maternal femur bone marrow showed a slight 
tendency toward increasing during the final stage of gestation, but not 
at 35 days. This general tendency was reflected by a corresponding in­
crease in specific activity at 70 and 105 days. However, these changes 
were not statistically significant. Total iron concentration remained 
essentially constant throughout pregnancy.
Some variations were noted for iron-59 concentration values in 
the femur epiphysis and femur shaft. In the femur epiphysis there was a 
slight tendency toward an increased rate of radio-iron storage during the 
last two trimesters of pregnancy, while no definite rate difference could 
be established for the femur shaft. Total iron concentration remained 
relatively constant in the femur epiphysis and femur shaft for all groups 
of gilts until the last trimester when concentration in both bones de­
creased statistically (PC01). In the case of the femur epiphysis, a 
tendency was noted for increased turnover of iron in pregnant animals as
opposed to non-pregnant animals, as reflected by increased specific 
activity values in pregnant gilts. This increased turnover was apparently 
a function of pregnancy, and was independent of stage of gestation. Spe­
cific activity values for the femur shaft showed no significant increase 
with pregnancy, and indicated a constancy of iron metabolism throughout 
pregnancy.
Mammary tissue showed approximately a threefold increase in radio­
iron concentration at 105 days over values listed at 70 days gestation. 
This increase implied a much greater rate of iron-59 storage in mammary 
tissue as the animals approached parturition. Total iron concentration 
values however, showed a significant (P<.01) decrease between second and 
third trimesters which was reflected by the significantly higher specific 
activity (P<.01). This would indicate an increased turnover of iron in 
mammary tissue during the final stages of gestation, as might be expected 
when consideration is given to increasing size during mammary development. 
Placental Iron: Iron-59 concentration values for amniotic fluid were shown 
to remain constant during the first two trimesters of pregnancy, but to 
increase sharply at the final stage of gestation. The same pattern was 
observed for total iron concentration, with a very rapid increase near 
parturition. Therefore specific activity values remained constant. These 
data indicated that the increased rate of storage of iron, as indicated 
by increased radio-iron and total iron values, could have been a function 
of increased growth rate within the placental membranes or to increased 
demands for the growth process.
Placental radio-iron concentration values illustrated no signif­
icant differnce between trimesters of pregnancy in gilts, while total 
iron-59 content increased progressively. There were no changes in total
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iron concentration figures between groups of animals at the various stages 
of gestation. Placenta specific activity values therefore showed no statis­
tical difference due to stage of pregnancy. These data implied a rela­
tive constancy of iron uptake and assimilation by the placental membranes 
throughout gestation.
Distribution in Fetal Tissue and Organs; Radio-iron, total iron and spe­
cific activity of swine fetal organs and tissues are summarized in Table 
XV as a function of gestation age. Iron and radio-iron values for fetal 
organs and tissues generally reflected a progressive increase in rate 
and quantity of iron storage with increased fetal age.
Fetal kidney iron-59 concentration values showed no significant 
difference between the second and third trimesters of pregnancy, while 
total iron-59 content increased by almost three times. However, this 
increase was not significant. Since concentration was not significantly 
different this increase in total iron-59 content was probably due to 
kidney weight increase between 70 and 105 days fetal age. The tendency 
for increased total iron concentration observed during the third trimester 
was possibly related to maturation of the fetal kidney prior to birth.
No significant difference was observed in fetal kidney specific activity 
values between 70 and 105 days fetal age. These data implied that iron 
incorporation into the fetal kidney between 70 and 105 days was a simple 
function of the growth process.
Iron-59 concentration in fetal livers decreased progressively with 
increase in fetal age, and was significant (P<.01) for the 105 day old 
fetuses. Total radio-iron content increased five times between first and 
second trimesters and increased (PC.05) three times between second and 
third trimesters of pregnancy. Values listed for total iron concentration
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Table XV: Summary of Radio-iron, Total Iron and Specific Activity of
Fetal Organs of Swine as a Function of Age.
Percent Dose Iron
Tissue Weight gmx Total mg/g Total S.A.2
35 Days Gestation (12 fetuses)
Liver 0.6 127. Oli 
±63.86
..008
±.002
.119
±.001
.09 859
±U58
70 Days Gestation (25 fetuses)
Blood 28.8^ .039 .012 2.3 2U03
Kidney l.U 7.18
±a.7a
.001
±.000
.025
±.008
,0U 289
±166
Liver 5.9 78.19
±32.50
.0U6
±.012
.221
±.127
1.30 396
±107***
Spleen 0.8 89.00 
±73.1*6
.007
±.008
.397
±.197
0.32 265
±182
Muscle 1.96
±.31
— .015
±.007
155
±77
Femur End 9 MS 
±5.30
— .036
±.011
27U
±132
Femur Shaft 19.59
±16.5U
— .iia
±.0U9
153
±79
W. Femur 0.90 10.93
±5.36
.001
±.000
.01*8
±.027
.oa 2U3
±115
W. Rib U-.93
±39.60
----- .086
±.058
599
±670
Sternum 18.89
±U.08
----- .229
±.103
210
±126
105 Days Gestation (26 fetuses)
Blood IMM9 .U09 .016 13.1 2780
Kidney 2.5 8.18
±1.62
.002
±.001
.0U3
±.025
0.11 196
±67
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Table XV: Continued.
Percent Dose Iron
Tissue Weight gm1 Total mg/g Total S.A.2
Liver 3 2 . 0 1*0.87
-6 .92
.131 
± .0 0 8 ***
.199
±.027
6.37 213
±73**
Spleen 1 .3 76.82
±1*3 . 8 6
.0 1 0
± .0 0 8
. 11*6
±.097
0 .19 5 oo
±231
Muscle 1 . 6 8
±.59
--- . o i l
±.003
1 0 8
±.35
W. Femur h.2 19.75
±3 . 9 3 **
. 0 0 8
± .0 0 1 ***
. 0 2 2
±.003
.09 877
±11*9
Rib End Ui.SU
- 7 . 8 8
--- . 01*2
±.010
1*01*
±281*
Rib Shaft 16.59
±7.59
--- .ol*o
± . 0 2 1
598
±5U2
W. Rib 5.53
±1.33**
--- . 0 3 0
t.o o u *
152
±1*2 *
Sternum 16.97
±9.76
.0U5
±.025*
UU2
±309
percent dose iron-59 XIQ-^/gram, fresh weight; corrected to absorbed 
iron-59. (Sacrificed 1*8 hours after dose administration) .
2 specific activity calculated as percent dose iron-59 divided by mg
iron per gram, fresh weight X10"**.
* denotes significance at P.10%. level.
** denotes significance at P.O$% level.
*** denotes significance at P.OljK level.
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indicated no significant increases between first and second trimesters, 
with concentration remaining essentially the same through the final tri­
mester of pregnancy. Specific activity values therefore showed a signif­
icant (P<.01) and progressive decrease throughout pregnancy, with the 
sharpest decrease noted between first and second trimesters of pregnancy. 
These data indicated a more rapid rate of iron storage in fetal liver 
at 35 days gestation and specific activity values reflected the higher 
turnover rate at the earlier fetal age. This would imply that the role 
of the liver in hematopoietic function begins very early in prenatal 
life.
Fetal iron-f>9 concentration values for spleen indicated no 
statistical difference between second and third trimesters. Iron-^9 
content in total spleen however, exhibited a tendency to increase in the 
final trimester of pregnancy. This was probably a function of increased 
organ size with advancing fetal age. There was a significant (P<.05) 
decrease observed in total iron concentration in fetal spleen between 
second and third trimesters, which caused a corresponding increase in 
specific activity values between 70 and 105 days gestation. Higher total 
iron content at 70 days implied an increased storage of iron in the 
spleen earlier in prenatal life, possibly further reflecting the initial 
importance of the spleen in hematopoiesis.
Radio-iron concentration in fetal muscle showed no statistical 
difference between second and third trimesters. Total iron content and 
specific activity also remained constant during each of the last two 
trimesters of pregnancy, indicating a constancy of iron uptake and as­
similation by the skeletal muscle of fetal swine.
Values for femur epiphysis and femur shaft were obtained and
\
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calculated separately from fetuses at 70 days of age only. Iron-59 con­
centration for whole femurs showed a twofold increase between the second 
and third trimesters of pregnancy. Total iron-59 content of femurs how­
ever, increased fourteen times between 70 and 105 days, while total iron 
concentration decreased, but not significantly. These data indicated an 
increased rate of iron movement to the femur during the third trimester, 
with increased turnover rate, and implying increased hemapoietic activ­
ity by the bone marrow to occur later in prenatal life.
Whole fetal rib of swine fetuses at 70 days versus 105 days ges­
tation also showed an increased rate of radio-iron concentration. Total 
iron concentration however decreased significantly during the last tri­
mester (P<.10) of pregnancy, while specific activity values indicated an 
increased turnover of iron in ribs of fetuses at 70 days age as compared 
with corresponding figures for 105 day old fetuses. These values implied 
an earlier growth rate and greater iron incorporation rate at the second 
trimester as opposed to the last trimester of pregnancy, indicating earl­
ier contribution of the rib marrow to hamatopoietic function.
Sternum iron-59 concentration in swine fetuses indicated no signif­
icant change in the final two trimesters of pregnancy. Total iron concen­
tration decreased significantly (P<.10) during the last trimester while 
specific activity values increased twofold in the sternum of 105 day old
3
fetuses, showing increased iron turnover rate as pregnancy advances.
This may imply that later in prenatal life, the sternum, or the red bone 
marrow present assumes a larger proportion-of the hematopoietic function 
than in earlier fetal life.
Fetal-Maternal Specific Activity Ratios: These values reflecting fetal- 
maternal iron equilibrium and storage for selected organs and tissues as
8U
Table XVI: Fetal-Maternal Specific Activity Ratios^ as a Function of
Stage of Gestation in Swine.
Days of Gestation
Tissue 35 70 105
Blood2 ------ 0.136 0.138
. Liver 1.193 0.1il6 0.303
Kidney — o.uoo 0.331
Spleen — 0.535 1.12U
Muscle — 1.071 0.165
Sternum — 0.061 0.07U
specific activity, fetus/specific activity, dam XIO"^. 
total iron calculated from Hb values XO.3iu
a function of stage of gestation in swine are ahown in Table XVI. It 
was observed that specific activity ratios for blood did not change 
appreciably between the second and third trimesters of pregnancy, in­
dicating a constancy of relative iron turnover rates during these 
periods for the whole blood, and that at U8 hours equilibrium had been 
established between dam and fetus. Liver specific activity ratios 
decreased progressively with stage of gestation, further reflecting 
early liver iron storage. Values for kidney showed a slight decrease 
during the last trimester of pregnancy, but this tendency was not of 
statistical significance. Spleen specific activity ratios indicated an 
increase late in pregnancy implying increased turnover rate during this 
time in fetal spleens. Muscle values shoved an increased relative turn­
over of iron during the second trimester of pregnancy over the third
Table XVII: Summary of Length, Weight, Radio-iron and Total Iron in Whole Swine Fetuses as a
Function of Age.
Length -- Weight - Percent Lose I Iron
S.A.2Age Fetuses cm gm gm1 Total gm total
3S 12 1.66 6.1*9 27.58
±16.91
0.018
±.007
0.028
±.019
0.182
±.036
1052
±391*
70 25 ll*.9 193 6.68
±0.91***
0.129
±.026*
0.022
±.002**
L.25
±1.16***
301*
+5£***
105 26 25.6 828 6.95
±2.60
0.575
±.209**
0.018
±.001
1U.90
±3.38
321
±85
1 percent dose, iron-59 per gram, fresh weight, XIO-L, corrected to absorbed iron-59.
2 specific activity refers to percent iron-59 dose divided by mg iron per gram, fresh weight XIO"^.
* denotes significance at P.10JG level.
** denotes significance at P,0$% level.
*** denotes significance at P.01J& level.
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trimester, but this increase is of uncertain importance. Sternum specific 
activity values indicated a consistency of relative turnover during both 
the last two trimesters of gestation.
The Whole Fetus: A record of crown-rump length, weight, radio-iron, total 
iron and specific activity in whole swine fetuses as a function of age 
are listed in Table XVII. These values indicated that between the first 
and second trimesters, swine fetuses increased eight times in length and 
body weight increased by thirty times. Fetal length doubled between the 
second and third trimesters, while body weight increased fourfold.
Iron-59 concentration values were significantly higher (P<.01) at 
the first trimester than at either the second or third stages of gestation. 
Iron-59 content in the total fetus increased statistically (P<.05) seven 
times from day 35 to 70 and significantly five times from 70 to 105 days 
gestation. It was of interest that total iron concentration decreased 
significantly with each progressive stage of pregnancy. However, total 
iron content per fetus showed highly significant increases (P<.01) with 
each progressive stage of gestation, increasing from 0.18 mg at 35 days 
to lii.9 mg at 105 days. Specific activity values for whole fetuses de­
creased significantly (P .^01) from 35 to 70 days pregnancy, but did not 
change statistically between the second and third trimesters. This would 
imply a greater turnover or mobility of iron early in pregnancy, which was 
further reflected by the increased rate of jr on-59,storage early in fetal 
life.
Table XVIII illustrates the,partition of iron-59 in total organs 
of swine litters, standardized to eight pigs. This table served to 
illustrate the relative magnitude of iron-59 transfer to various fetal 
organs with respect to total litter iron-59 transfer at the different
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Table XVIII: Partition of Radio-iron in Petal Organs of Swine Litters.
35
Days of Gesiation 
70 105
Dose * Dose % Dose ■ r
Litter .11*1* 100 1.032 100 1*.600 100
Blood — — .312 30 3.272 71
Liver .061* hh .368 36 1.01*8 23
Spleen — — .056 5 .080 1.7
Kidney — — .008 0.7 .016 0.3
Femur — — .008 0.7 .061* 1.3
Total iiW 72. hi 97.3*
periods . During the first trimester, the fetal liver represented 1*1* 
percent of the iron-59 in litters, while this proportion decreased to 
36 percent for the second trimester and 23 percent for the third stage 
of pregnancy. The high proportion of iron-59 in the fetal liver at 35 
days gestation signified early liver contribution to hematopoietic func­
tion. The corresponding increases with increased stage of gestation noted 
for other organs would suggest initial liver storage to be distributed 
from liver to other organs with progressive needs.
Total iron (mg and percent) in organs of swine litters, standard­
ized to eight pigs, are shown in relation to total litter iron in Table 
XIX. It was of interest to note the high proportion of the total litter 
iron which was represented by the fetal liver at all stages of gestation, 
but especially at 35 days of pregnancy. The data showed that this propor­
tion decreased somewhat at 70 days of gestation and then increased
88
Table XIX; Partition of Total Iron in Fetal Organs of Swine Litters.
35
Days of Gestation 
70 105
mg % mg % mg ~ %
Litter 1.5 100 3U.0 100 119.2 100
Blood — — 2.3 6.7 13.1 10.9
Liver .72 U8 10. U 30.5 50.9 U2.8
Spleen — — 2.6 7.6 1.5 1.2
Kidney — — 0.3 0.9 0.9 0.8
Femur ---- — 0.3 0.9 0.7 0.6
slightly at 105 days as other fetal organs began to develope more 
rapidly. Also shown is the significant contributions of the fetal blood 
to total iron, especially at 105 days fetal age. The spleen, kidney and 
femur were next in order of contribution to total litter iron in pigs.
The partition of absorbed radio-iron and total iron in dam and 
litters of swine as a function of gestation are shown in Table XX. A 
smooth increase was noted in iron and iron-59 in both placenta and am- 
niotic fluid as gestation advanced. Both iron and iron-59 levels in the 
placenta were shown to increase by approximately twofold between 35 and 
70 days, and between 70 and 105 days, both levels increased by approxi­
mately one-third. Iron-59 in amniotic fluid remained essentially unchanged 
between first and second trimesters, while total iron increased, reflect­
ing increased fluid volume since no increase in concentration was noted 
during this time. It was of interest that iron and radio-iron in amniotic 
fluid increased 11; times between 70 and 105 days.
I
The pregnant sow must not only supply iron to the developing litter,
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Table XX: Partition of A bsorbed Iron-59 ^  and Total Iron in Dam and Litters 
of Swine.
0
Days of Gestation
35 70 305
Tissue Fe-5£ mg Fe-59 mg Fe-59 mg F*e-59 mg
Placenta 0.3* 9.7* 1.58 31 2.8 69 3*3 99
Amniotic
Fluid 0 0 .OU 2.7 .03 U.3 .U6 62
Litter 0 0 .lUU 1.5 1.03 3U U.6 119
* uterus
^ percent absorbed dose, radio-iron.
but also to the surrounding fluids and placenta. Therefore, during the 
first trimester, U.3 percent of the available iron in this fetal complex 
was represented by the litter. At 70 days this proportion increased to 32 
percent and further increased to U3 percent during the final stage of 
gestation. Of the total radio-iron in the fetal complex, 8.2 percent was 
in the litter at 35 days, 26.6 percent at 70 days, and 55 percent during 
the final stage of pregnancy. It was observed therefore, that during the
last trimester, efficiency of fetal iron utilization from the fetal complex
was U3 percent. Since sows in this study retained an average of 50 mg iron
per day, it was calculated that of this amount, 31*5 mg (63 percent) would
be used for production of red blood cells. Another 2.9 mg (5.7 percent) 
would be transferred to the fetal complex and 1.1 mg (2.2 percent) of this 
would ultimately find its way to the developing litter per day. It was cal­
culated from these figures that during the 105 day period, 115*5 mg iron 
was made available to the litter from dietary sources. Since the total
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litter contained 119.2 mg iron at 105 days, the additional 3*7 mg iron 
present in the developing litter must have been transferred from maternal 
body stores.
It was shown that a standardized litter of eight pigs contained 
approximately 120 mg iron at 105 days gestation. During this period, the 
sow retained within her body, 5250 mg iron, of which only 120 mg or 2.2 
percent appeared in the total litter, or 280 mg (5.7 percent) in placenta 
and fetus. If 280 mg iron were incorporated into the litter in 105 days, 
it could be calculated that the iron transfer to the fetal complex per day 
was 2.67 mg out of 50 mg retained by the pregnant sow. If it is assumed 
that available iron is transferred into the placental complex as required, 
then the added iron requirement of pregnancy for swine would approximate 
2.67 mg per day. This iron then could be supplied by an additional 57.6 
gms of feed per day containing U63 ppm iron if absorption equalled 10 
percent efficiency.
SUMMARY:
Results of this study indicated the total amount of elemental iron 
transferred to a swine litter of eight pigs to be approximately 120 milli­
grams. This represented a total iron transfer across the placenta of about 
fifteen milligrams per pig. From these calculations it could be observed 
that the added dietary requirement of iron for pregnancy for swfne approxi­
mated only an additional seven percent to supply that amount of iron 
actually incorporated into fetal tissues prior to birth. Results of bal­
ance and absorption studies indicated no significant differences between 
pregnant gilts and the non-pregnant control animals. This implied that, 
while the added iron requirements of pregnancy are small, the additional 
quantity must be available from dietary sources or be supplied from
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maternal stores.
Certain swine maternal organs (liver and spleen), were observed 
to show a tendency for increased iron storage and turnover rate with the 
onset of pregnancy, which was maintained throughout gestation. This 
phenomenon may indicate a natural body defense mechanism to help meet the 
additional iron stresses during later stages of gestation. Gilts used in 
this study vere sacrificed at a time when much of the absorbed iron-59 
had disappeared from the plasma and had been incorporated into hemo­
globin of newly produced red blood cells. For this reason, it was difficult 
to determine if the radio-iron transferred across the placental membranes 
was of plasma or storage origin, however, it was initially assumed that 
the majority of it would be of plasma origin.
In future studies of iron placental transfer in swine, it would 
seem advantageous to sacrifice animals at eighteen to twenty-four hours 
after dose administration in order to .insure that the plasma would be the 
only source of radio-iron available for transport across the placental 
membranes. This would avoid possibility of masking tissue iron-59 values 
due to blood Fe-59, but would require preliminary assurance of fetal-darn 
equilibrium of iron before sacrifice.
PROCEDURES WITH SHEEP:
Iron plays the same essential role in respiration and enzyme 
systems in the ruminant as in the monogastric animal, and metabolically 
is just as indispensible. Yet, due to larger amounts of iron present in 
the body of the ruminant at birth, and due to slower relative growth rates, 
early anemic conditions do not become as important as in other species, 
such as swine. However, relationships to parasitic and disease conditions 
make it another economic problem.
Due to the metabolic essentiality of iron, and because specific 
information regarding iron metabolism, assimilation and placental transfer 
in the ruminant does not appear in the literature, this study of the pla­
cental transfer and maternal-fetal tissue distribution of iron in sheep 
was initiated.
Methods; Fifteen pregnant and four control Louisiana Native ewes were 
hand bred and randomly divided according to breeding date into three lots 
for sacrifice at 1*7, 91* and 11*1 days gestation. The animals were maintained 
throughout the experimental period on a ration of known composition (see 
General Procedure), and water provided ad libitum. During the experimental 
period intake was carefully measured to facilitate calculations of total 
iron balance.
At the designated periods, all animals were placed in individual 
metabolism units (Hansard, et al., 1955), equipped for the quantitative, 
separate collection of urine and feces for an adjustment period, and 1*8 
hours before sacrifice were given a single intravenous dose of iron-59 
chloride (citrated). Urine and feces were collected separately, at 12 
hour intervals, mixed, and aliquots taken for total iron and radio-iron 
determinations. Periodic blood samples were withdrawn from the jugular
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vein into an heparinized syringe for hemoglobin, hematocrit and radio- 
iron analyses as previously discussed. Radioactivity was measured in all 
blood samples in a well-type sodium iodide scintilation detector attached 
to a basic scaler unit, and following centrifugation, similar measurements 
were made on plasma samples to facilitate calculation of plasma Fe-59 
clearance rates and for total blood volume determinations.
At sacrifice, selected maternal and fetal organs and tissues were 
taken for iron-59 and total iron determinations by methods previously 
described under General Procedures. In addition, fetal crown-rump length 
and weight measurements were taken to more firmly establish age of fetus.
Data were assimilated, calculated to a common basis of maternal 
body weight and to absorbed iron-59, treated statistically by Student's 
"t" test (Snedecor, 1956), and presented with the standard deviations as 
a function of gestation age.
RESULTS AND DISCUSSION:
Iron Absorption and Excretion: Before iron, or any other mineral, can be 
assimilated or utilized by the metabolic pathways within an organism, it 
must first be made available to the animal. Absorption has little meaning 
and value unless adequate iron is available from dietary sources to allow 
for the normal functioning of the animal body. One such measure of iron 
availability employed in this study involved the careful measurement of 
feed intake and fecal excretion of iron in order to facilitate calcula­
tions of absorption and total iron balance. Examination of these data 
showed that four of the 19 ewes were in a state of negative iron balance, 
caused in three instances by a lack of appetite and/or failure to consume 
adequate feed. All other animals showed an overall average positive bal­
ance of 7.3U mg per day. Feed intake contained 79.6 ppm iron and ewes
9k
consumed an average of 29.3 mg iron per day, and excreted an average of 
21.9 mg per day.
The accumulative fecal excretion of iron-59 in sheep as a function 
of time after oral and intravenous dose administration is shown in Figure 3* 
The intravenous curve showed a relatively constant rate of radio-iron ex­
cretion by way of the feces in!sheep for the first 11*0 hours following 
dosing. After five days, the excretion curve leveled off considerably on 
or about the seventh day post-dosing. Even after seven days, total excre­
tion of radio-iron from an intravenous dose was only slightly more than 
one percent. Data for the oral curve were taken from wether lambs main­
tained for the purpose of continued balance studies, and was included 
here only for comparative purposes. Orally administered iron was shown 
to be excreted in the feces largely between 1*8 and 120 hours after dose 
administration, and ultimately 70 percent of the orally administered iron- 
59 had been eliminated by 168 hours. The close similarity between the 
endogenous portions of the two curves were illustrated by the manner in 
which they parallel each other 96 hours post-dosing.
Urinary excretion data of radio-iron with these animals exhibited 
little differences between methods of dose administration. Generally less 
than one-quarter of one percent of the injected radio-iron had appeared 
in urine of sheep dosed either orally or intravenously after seven days. 
These data further illustrate the negligible quantities of endogenous iron 
excreted.
Blood Iron-59? A graphic presentation of total blood uptake of iron-59 in 
sheep as a function of time following oral and intravenous dose adminis­
tration is presented in Figure U. Considering first the intravenous curve, 
a very rapid and sharp decline was noted in blood content of radio-iron
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for approximately 12 hours following dosing. This phenomenon was brought 
about by iron-59 being rapidly removed from plasma for storage or immedi­
ate utilization. Following this initial decline, a marked increase was 
observed in total blood radio-iron, extending to approximately 72 hours 
post-dosing. This rise resulted from stored radio-iron being actively 
incorporated into newly formed hemoglobin currently re-entering the per­
ipheral circulation in the red cells. After 96 hours, the curve leveled 
off as hemopoiesis reached equilibrium with available radio-iron. Theo­
retically, this plateau would remain intact until such time as these 
newly formed erythrocytes were broken down and/or removed from the per­
ipheral circulation. The "S" on the curve served to illustrate the point 
where experimental ewes in this study were sacrificed. Data for the oral 
curve were taken from wether lambs maintained for blood and balance studies 
and was included for comparative purposes. The two curves were shown to 
be similar in nature after 2U hours post-dosing. Prior to this time, 
appearance of red blood cell radio-iron reflected the rate of iron-59 ab­
sorption from the gastro-intestinal tract.
The small insert on this graph showed plasma clearance of radio-iron 
in sheep following intravenous dose administration. It was shown that by 
five hours post-dosing, radioactivity had been completely removed from the 
plasma of sheep. Since inititally, 100 percent of the injected dose had 
been present in plasma, the curve could thus be extrapolated to zero time, 
and total plasma volume calculated. When corrected to cell pack volume of 
each individual animal, total blood volume could thereby be measured. This 
calculation was carried out for ewes in this study and total blood volume 
of ewes was found to average seven percent of the body weight.
Hemoglobin and hematocrit determinations were made on all ewes and
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their fetuses, and results were summarised in Table XXI. The figures 
showed values within each trimester to be in the normal range for both 
dam and fetus and that no significant differences were found due to stages 
of gestation, although fetal levels tended to increase, both in hemoglobin 
and hematocrit, with each progressive increase in fetal age.
Tissue Iron: Radio-iron, total iron and specific activity of maternal 
organs and tissues of sheep sacrificed after 1*8 hours are summarized in 
Table XXII as a function of stage of gestation. With a few exceptions, 
pregnancy exerted no pronounced effect on iron storage.
Blood values indicated an increased volume with increased gestation. 
In the kidney, total iron, radio-iron concentration and total iron-59 levels 
for maternal sheep showed no significant differences between pregnant and 
non-pregnant animals, or between animals sacrificed at the three stages 
of gestation. Specific activity levels, reflecting relative iron turnover 
rates, indicated a slight decrease at 9U days gestation as opposed to other 
times. However, this was caused by an apparent decline in iron-59 concen­
tration values for this period, and was not significant. Therefore, iron 
metabolism and storage in the maternal kidney of sheep was unaltered by 
gestation.
Radio-iron concentration levels in maternal liver showed a slight
tendency for increased storage in pregnant over non-pregnant ewes, but
these tendencies were not statistically significant, due to relatively
large sample variation within each group. Iron-59 content of total liver
indicated pregnancy to have no pronounced effect on total storage in this
tissue. Values listed for total iron concentration showed no significant
changes in rate or quantity of iron storage in pregnant versus non-pregnant
control animals, while relative turnover rates also were not significantly 
altered.
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Table XXI; Summary of Hemoglobin and Hematocrit Values of Pregnant Ewes 
and Their Fetuses.
Days NO...... Maternal 1 "  Fetal
Gestation Animals Hbl (HiPV2 Hb
0 u 10. U2 
-1.U8
38.6
±2.5
--- ---
hi 2 9.U6
±0.00
38.5
±0.6
6.0U
±0.00
16.9
±0,00
9h 5 12.27
±0.56
3U.5
±3.5
7.37
±2.26
31.6
-6.U
1U1 8 11.51
±1.15
m . i
±2.2
10.37
±0.32
38.U 
±0.U
1 hemoglobin (Hb) expressed as grams/100 ml blood.
^ cell pack volume (CPV) expressed as percent packed cells/100 ml.
Spleen iron-59 concentration, while greater than either liver or 
kidney, showed considerable variation within groups of animals and did 
not change significantly between pregnant and non-pregnant animals, nor 
between respective stages of gestation. Total radio-iron content showed 
a tendency for decreased storage with advancing pregnancy, while total 
iron concentration exhibited no statistical differences between groups of 
animals studied. Specific activity levels remained statistically unaltered 
between respective groups of animals. TheSe factors indicated increased 
storage of iron to occur in the maternal spleen early in gestation, with 
increased demands of pregnancy causing a depletion of iron storage later 
in gestation.
Values listed for muscle showed no significant difference through 
the second trimester of gestation in any measurements recorded. During
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the third trimester, however, iron-59 concentration was shown to decrease 
(F<.01) significantly, while total iron concentration remained essentially 
constant, causing a corresponding significant decrease in relative turnover 
rate indicated by specific activity levels. These data implied that iron 
storage and turnover in maternal muscle reached equilibrium very rapidly 
and pregnancy exerted little influence thereon until the final trimester. 
Decreased concentration and turnover rate of iron during advanced gesta­
tion indicated a slight iron depletion as demands of pregnancy became more 
pronounced with fetal development.
Data obtained for adrenal gland exhibited relatively large sample 
variation within each trimester of pregnancy. Generally, it was believed 
however, that gestation exerted no pronounced effect on iron storage or 
turnover in this tissue. Total iron concentration decreased significantly 
(P<.05) and specific activity increased with the onset of pregnancy, but 
these changes were not continued throughout gestation. Therefore, these 
alterations may not have been true effects of pregnancy, and iron assimi­
lation by the adrenal was probably not influenced by gestation.
Radio-iron concentration in rib epiphysis vas not altered by onset 
of gestation but decreased significantly (P .^05) during second trimester, 
the tended to increase later. Total iron concentration was not influenced 
by earlier stages of gestation, but decreased during the second trimester, 
and tended to remain at a lowered level throughout final stages of pregnancy. 
Specific activity values remained relatively constant until 9U days, when a 
decrease in relative iron turnover rate was noted. However, turnover rates 
then increased during the last trimester of pregnancy. These tendencies re­
flected increased hemapoiesis during the second trimester as blood volume was
increasing with advancing pregnancy.
Rib shaft were quite variable, and while some significant
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Table XXII: Summary of Radio-iron Total Iron and Specific Activity 2
of Shee p Maternal Organs and Tissues as a Function of
Gestation Age.
Weight Percent !Dose Iron
Tissue gm gm-L Total mg/gm Total S.A.2
Blood
0
321*. 36
Days Gestation (1* Ewes) 
56.1*1 .087 206 3728
Kidney 1*6 1*8.31*
±21.01
0.22
±.H*
.01*1
±.016
1.9 1167
±257
Liver 391 66.08
±27.36
2.58
±1.16
.082 
±.008 1
32.1 1566
±796
Spleen 57 199.88
±153.08
1.13
±.92
+ .195 
±.072
11.1 1371*
±1585
Muscle U.13
±2.12
--- .029
±.009
163
±129
Adrenal 1 59.20
±66.50
.001
±.001
.167
±.127
0.2 Ul8
±528
Thyroid 26.93
±6.61
--- .052
±.022
518
±231
Mammary
Tissue
7.28 
±1* .76
--- .018
±.002
J65
±175
Uterus 350 11.17
±3.01*
0.39
±.12
.027
±.012
9.1*5 1*52
±166
Rib
Epiphysis
801.91 
±512.6U
--- + *135 
±.08U
6362
±1*561
Rib Shaft 327.28
±225.1*3
.055
±.019
7078
±5656
Sternum 636.92 
±199.0U
--- .059
±.015
10759
±2687
Femur Bone 
Marrow
10.53
±3.76
--- .011* 
±.001
792
±263
Femur
Epiphysis
107.53
±56.70
--- .022
±.003
1*921*
±2690
Femur Shaft 3.12
±2.30
--- .015
±.001*
228
±206
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Table XXII: Continued.
Weight 
Tissue gm gm-
Percent Dose 
i—
Iron
total mi Total S.A.2
1*7 Days Gestation (2 Ewes)
Blood 263.1*2 50. hO .076 217.3 3h68
Kidney 1*7 U5.3h 0.21 .01*8 2.3 1212
±18.58 ±.01 ±.027 ±1023
Liver 1*77 81*. 01 l*.oi .079 37.8 1061
±12.26 ±1.1*6 ±.000 ±15!*
Spleen 70 160.79 1.12 .230 16.1 690
±103.85 ±0.80 ±.ll*2 ±312
Muscle h.69 _ __ .025 196
±2.15 ±.005 ±125
Adrenal 2 100.68 0.016 .072 0.1 1377
±U*.68 ±.001 ±.ool*** ±118*
Thyroid 27.02 _ _ _ .051 51*7
±U.63 ±.017 ±97
Mammary U.78 —  — — .021 230
Tissue ±6.U2 ±.000 ±309
Amniotic 751 0.08 ..ool* .001 0.8 1*3
Fluid ±.06 ±.002 ±.000 ± 25
Cotyledons 10.98 — .677 299
±.95 ±.933 ±1*10
Placenta 5Uh 32.12 1.71* .023 12.5 1356
±5.10 ±0.23 ±.000 ±216
Rib 1006.1*1 _ _ — .080 68126
Epiphysis ±265.20 ±.101 ±8821*6
Rib Shaft 1*76.02 .030 Ulli.75
±8.93** ±.033 ±U3357
Sternum 323.91 _ .057 5990
*115.30 ±.017 ±1239
Femur Epiphysis 170.28 mm — .029 5925
±11.25 ±.005 ±69h
Femur Shaft 3.52 _ _ _ .011 296
±l*.91 ±.000 ±1*12
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Table XXII: Continued.
Weight. 
Tissue gm
Percent bose Iron
S.A.2gm1- T?otai mg/m Total
91* Days Gestation (5 Ewes)
Blood 221*. 70 1*5.83 .085 227.8 261*3
Kidney 39 30.1*9 0.11 .037 1.1* 790
-19.25 *.01* ±.002 ±111*
Liver 1*61 62.1*5 2.86 .079 36.1* 817
±20.79 ±1.20 ±.028 ±202
Spleen 93 83.81* 0.78 .227 21.1 1*21
±62.10 ±.78 ±.li*6 ±258
Muscle I*. 12 .031* 119
±2.96 ±.009 ±78
Adrenal 2 1*9.63 0.010 .209 0.1* 1*85
±26.17 ±.001 ±.206 ±528
Thyroid 16.93 .066 256
±18.69 ±.021 ±163**
Mammary 10.08 .025 556
Tissue ±l*.2l* ±.019 ±361
Amniotic 1867 0.11* . .026 .006 11.2 23
Fluid ±.06 ±.012 ±.008 ±21
Cotyledons 12.02 .037 307
±1.91 ±.015*** ±179
Placenta 650 7.87 0.52 .01*3 27.9 361*
±2.83*** ±0.16 ±.056 ±22?***
Rib 265.39 .090 2915
Epiphysis ±161.1*1** ±.008** ±1683*
Rib Shaft 212.65 .068 3128
±35.58** ±.010 ±11*69
Sternum 202.1*5 .066 3025
±100.78** ±.026 ±^2y***
Femur Bone 10.71 .015 ~ 671*
Marrow ±8.25 ±.009 ±573
Femur 101.87 .026 3918
Epiphysis ±27.88 ±.005 ±1307
lol*
Table XXII: Continued.
Weight 
Tissue gm
Percent Dose Iron
S.A.2gm1 Total mg/gm Total
Femur 5.19 .021* 21*6
Shaft ±3.12 ±.010 ±131
Up- Days Gestation (5 Ewes)
Blood 30.28 13.38 .081* 252.0
Kidney 59 56.53 0.33 .033 1.9 1682
±16.69 ±.11 ±.002 ±1*07
Liver 1*83 120.03 5.80 .085 1*1.1 1633
±10U.26 ±1*.91 ±.02h ±11*18
Spleen 70 83.75 0.59 .153 10.7 592
±51*.65 ±.1*2 ±.0l*9 ±1*35
Muscle 1.22 — mm .052 1*2
±.2l**** ±.01*7 ±33*
Adrenal 2 11*6.27 0.028 .166 0.3 881
±131.36 ±0.002 ±.080 ±379
Thyroid lli.50 mmm .081* 221*
±9.12 ±.038 ±171**
Mammary 16.59 — _ _ .019 1115
Tissue ±13.87 ±.008 ±1261*
Placenta 71*0 7.85 0.38 .032 21*.9 278
±3.75** ±0.20 ±.018 ±U8***
Amniotic 1920 0.08 .015 .017 32.6 13
Fluid ±.02 ±.003 ±.020 ±11*
Cotyledons 23.6k ___ .111* 211
±1.86** ±.031 ±1*3
Colostrum 0.31 mmm .008 39
±.11 ±.001 ±19
Rib 780.38 mmm .098 7899
Epiphysis ±167.1*9 ±.005 ±11*11
Rib Shaft 1*16.1*7 mmm .070 6112
±135.95 ±.025 ±561*
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Table XXII: Continued.
. ,.... Weight .....Percent JDose. Iron
S.A.2Tissue gm Total mg/gm Votal
Sternum 826.92 .080 10321*
-120.91 ±.012 ±518
Femur Bone 13.53 «■> »  mm .019 712
Marrow -12.01* ±.008 ±111
Femur 135.85 mm mmm* .01*8 2830
Epiphysis ±187.31 ±.016 ±1896
Femur Shaft 1.32 — — — .017 77
±.70 ±.009 -31*
1 percent dose, iron-59, per gram fresh weight, corrected to 100 pound 
body weight and to absorbed radio-iron X10-U.
2 specific activity calculated as percent dose per gram divided by mg 
iron per gram X10~^.
* denotes significance at P.10/G level.
denotes significance at P.05^ level.
*** denotes significance at P.015C level.
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changes were observed, no definite tendencies were observed in pattern of 
iron assimilation or turnover in this tissue. Therefore, it was questionable 
whether or not pregnancy exerted any real effect on iron metabolism in this 
tissue.
Iron-59 concentration for sternum was not significantly influenced 
by the onset of pregnancy, but was significantly (P<.05) decreased during 
the second trimester before increasing again at li^ l days. Total iron con­
centration did not change statistically between pregnant and non-pregnant 
animals, or between respective stages of gestation. Specific activity 
values, were not affected by the onset of pregnancy, but relative iron 
turnover decreased during the second trimester. This reflected depletion 
of iron from boc^ y stores and decreased assimilation during this period.
Radio-iron concentration for mammary tissue tended to increase 
slightly with advanced pregnancy, while total iron concentration remained 
unaltered. Specific activity tended to increase progressively with in­
creasing stage of gestation. These observations were indicative of increased 
mammary development and increase in total iron storage during later stages 
of gestation and reflected increased turnover as mammary tissue became 
metabolically more active as parturition approached.
Amniotic fluid concentration of radio-iron tended to increase 
significantly (B<.10) during the second trimester as opposed to the first 
trimester and then decreased during the final stage of gestation indicating 
early storage and later depletion of iron. Total iron concentration in­
creased progressively with each increase in gestation, although large 
sample variations kept these tendencies from achieving statistical magni­
tude. Specific activity values showed no change in relative iron turnover 
rates as pregnancy advanced. These changes reflected an increase in total
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iron transfer across the placenta into the fetal fluids as pregnancy 
advanced. Data iinplied an added drain on body iron stores during the second 
trimester of pregnancy, with a tendency to regain normal levels with ad­
vancing gestation. Total iron content exhibited a progressive increase with 
increased gestation, with large increases occurring during the final tri­
mester.
Data observed for femur bone marrow, epiphysis and shaft of 
maternal sheep are discussed together since no pronounced tendencies were 
noticed with respect to effects of pregnancy. Values implied that pregnancy 
exerted no significant effect on iron storage, rate of storage or relative 
iron turnover rates in these tissues, and that iron assimilation in the 
femur was in relative equilibrium throughout the gestation period.
Iron-59 concentration in thyroid of sheep tended to decrease with 
each progressive increase in pregnancy. Total iron concentration for this 
tissue exhibited no significant differences between stages of gestation, 
and caused a significant decrease in relative iron turnover rates with 
advancing pregnancy.
Placenta Iron: Concentration of iron-59 in placental cotyledons increased 
with increase in gestation while total iron concentration tended to decrease 
during the same period. Specific activity, indicative of relative iron turn­
over rates, remained statistically unaltered throughout pregnancy. These 
observations were probably due to increased relative blood supply to the 
cotyledons with advanced pregnancy.
Placental radio-iron concentration decrieased significantly (P<.01) 
during the second trimester as opposed to the first trimester and re­
mained lowered throughout gestation. Total iron concentration did not change 
significantly during the three trimesters of pregnancy. Relative iron turn-
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over rates, as measured by specific activity values, decreased signifi­
cantly (P<.01) at 9ii days and remained lower until lUl days of gestation. 
These observations could be attributed to an early storage or deposition 
of iron in the placenta, followed by a dilution as placental membranes 
increase in size with advancing pregnancy.
Radio-iron, total iron and specific activity data of maternal sheep 
organs and tissues indicated a general tendency for depletion of body iron 
stores to occur at the second trimester of pregnancy, and body mechanisms 
tended to restore equilibrium as gestation advanced. These observations 
inplied the second trimester to be the most critical period in regard to 
iron assimilation for sheep.
Fetal Iron; Radio-iron, total iron and specific activity of sheep fetal 
organs and tissues taken after U8 hours are summarized in Table XXIII as 
a function of gestation age. Fetal organs and tissues were shown to in­
crease in iron assimilation and storage with increased fetal age.
Fetal blood radio-iron concentration decreased significantly (K.Ol) 
between first and second trimesters while total iron-5>9 content was in­
creasing. This indicated dilution occurring with increased total blood 
volume as pregnancy advanced. Total iron concentration was essentially 
constant for the last two trimesters, but decreased significantly during 
the first trimester. At the same time, total iron content of fetal blood 
calculated from hemoglobin levels increased significantly (P<.01) with 
each progressive increase in gestation, indicating; large increases in total 
blood volume to occur with increased pregnancy. Specific activity levels 
showed statistically significant decreases (P<.01) in relative iron turn­
over rate with each progressive increase in gestation. These figures 
implied fetal blood uptake of iron to occur very early in prenatal life,
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Table XXIII: Summary of Radio-iron, Total Iron and Specific Activity of
Fetal Sheep Organs and Tissues as a Function of Gestation
Age.
Weight Percent DOse^- Iron
Tissue gm gm fro t all mg/gm ¥otal S. A. 2
1*7 Days Gestation (2 fetuses)
Blood 21*. 03 21*1.30 .060 0.602 1*01
±13.90 ±178.01 ±.000 ±.000 ±195
Liver 3.5 71*. 39 26.01* .080 .280 1929
±2 5.91* ±6.85 ±.008 ±.ol*l* ±512
Spleen .06 52.33 3.12 .155 .009 168
±21.00 ±.65 ±.019 ±.001 ± 1*
Femur 0.1 31.73 3.05 .010 .001 1*935
±1*.1*1 ±.02 ±.008 ±.000 ±239
91* Days Gestation (5 fetuses)
Blood 8.07 807.00 .028 2.80 501
±1*. 09** ±506.09 ±.007 ±1.35 ±282*
Kidney 3.3 1.82 6.01 .036 .118 929
±1.68 ±3.11* ±.011* ±.051* ±160
Liver 51 1* .1*5 230.00 .089 l*.5i* 50
±1.25 ±110.00 ±.01*3 ±2.27*** ±38**
Spleen 1.9 21.38 1*0.00 .168 .319 11*3
±9.39** ±26.1*6*** -.01*3 ±.37*** ±87
Muscle 1.1*7 vm v .039 MMM 38
±.1*6 ±.032 ±30
Adrenal 37.30 w  —. .233 MMM 189
±3.01 ±.137 ±75
Ribs 1*0.11* VMM .060 MMM 716
±9.61 ±.021 ±235
Rib 2.81* VMM .372 MMM 8
Epiphysis
Rib Shaft 2.31 --------------- .071 -------------- 32
Sternum 17.30 MMM .089 MMM 280
±11*. 58 ±.092 ±289
Femur 2.91 VMM .01*2 MMM 69
Epiphysis ±1.51 ±.0l*l *1*7
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Table XXII: Continued.
Weight 
Tissue gm
Percent Dosel Iron
S.A.2gm Total mg/gm Total
Femur 3.U2 .01*2 69
Shaft ±1.56 ±.0l*3 ±22
11*1 Days Gestation (5 fetuses)
Blood 10.20 1*59.00 .035 15.75 291
±.38 ±178.77 ±.001** ±5.27***
Kidney 8.6 0.7U 6.33 .01*5 .387 16
±.25** ±.62*** ±.003 ±.279
Liver 96 U.70 U53.33 .077 7.39 61
±1*.73 ±1*32.1*8 ±.036 ±2.80** ±13
Spleen 5.3 12.10 63.80 .181 .959 70
±.63*** ±5.19 ±.028 ±.375*
Muscle 0.32 .01*9 mmmm — 6
±.09*** ±.021 +2***
Ribs . 19.39 .065 759
±71.76 ±.033 ±121*
Rib Shaft 3.58 ^ _ .120 32
±.51* ±.01*2 ±12
Rib 5.27 _ _ _ .1*68 _ _ _ +13
Epiphysis ±3.U5 ±.188 ±12
Sternum U-56 .073 _ _ _ 62
±2.17** ±.025 ±1*3**
Femur 1.1*9 .01*9 J 1
Epiphysis ±1.27** ±.001* ±26**
Femur Shaft 2.08 .01*9 1*3
±1.25 ±.003 ±28
1 percent dose iron-59, corrected to absorbed radio-iron, X10-1*.
2 specific activity calculated as percent dose per gram divided by mg
iron per gram X10~l*.
* denotes significance at P. 10^ level.
** denotes significance at P,0$% level.
*** denotes significance at P.01/6 level.
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Indicating a major hemapoietic role by some fetal organs at this time.
Liver iron-59 concentration decreased significantly (P^.01) from hi 
to 9h days while radio-iron in total liver increased progressively during 
gestation. Total iron concentration did not change during gestation, while 
total iron content was increasing significantly with increased fetal age. 
These observations implied fetal liver storage of iron to begin early and 
to continue throughout the prenatal period. Relative iron turnover rates, 
as indicated by specific activity figures, showed progressive decreases 
until 9h days pregnancy. This implied that liver importance to hemapoietic 
function began early in fetal life and assumed lessened importance as 
pregnancy advanced.
Iron-59 concentration of fetal spleen declined significantly (F<.05) 
with each stage of gestation while total radio-iron increased significantly 
(P<.01) at 9U days and then at lip. days gestation. Total iron concentration 
was not significantly altered by pregnancy. Total iron content of fetal 
spleen showed statistically significant (P<L05) increases with increased 
fetal age, indicating large increases in growth to occur with increased 
gestation age. Specific activity levels were essentially constant over 
the first two trimesters but decreased significantly during the final stage 
of fetal development. These observations were indicative of spleen import­
ance to hemapoiesis at earlier stages of fetal life, with this function 
being somewhat depressed in later stages of development.
Fetal kidney radio-iron concentration decreased significantly 
(PC.05) in 1U1 day-old fetuses as compared to 9U days, while total iron-59 
content remained constant. Total iron concentration decreased (PC.05) sig­
nificantly at lip. days gestation while total iron content increased three­
fold. Specific activity, or relative iron turnover also showed f statistic-
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ally significant decrease (P<.01) at later periods of fetal life. These 
values implied fetal kidney storage and assimilation of iron to be most 
active at earlier stages of gestation and decreased progressively with 
increased age. These observations implied greater storage of iron early 
in fetal development with dilution occurring as growth increases.
Radio-iron concentration in fetal muscle declined significantly 
(P<.01) during the final trimester of pregnancy while total iron con­
centration was essentially constant. Specific activity values were depres­
sed significantly at 11*1 days versus 91* days gestation. This implied iron 
storage at earlier periods with dilution occurring with increased fetal 
age.
Rib concentration of iron and iron-59 showed no change between 9h 
and 11*1 days. Specific activity values indicated no significant changes in 
relative turnover rate as pregnancy advanced. Values listed for the fetal 
rib epiphysis and rib shaft illustrated no significant alterations between 
second and third trimesters.
Fetal sternum radio-iron concentration decreased significantly (P<.05) 
during the final stage of fetal development, while total iron concentration 
remained constant during the same period. Relative iron turnover rate of 
sternum exhibited significant decreases at 11*1 days gestation as illustrated 
by lowered specific activity values. This implied sternum contribution to 
hemapoiesis to begin early in prenatal life.
Iron-59 concentration levels in fetal femur epiphysis decreased 
significantly (P<.05) in the final trimester while total iron concentration 
remained constant. Specific activity Values implied a decreased relative 
iron turnover rate with advancing fetal age, and indicated red bone marrow 
function in erythropoiesis to occur by 91* days and to decrease somewhat in
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Table XXIV; Fetal-Maternal Specific Activity Ratiosl of Sheep Organs and
Tissues as a Function of Gestation.
Tissue
Days Gestation
1*7 9U 11*1
Blood 0.11 0.15 0.11
Kidney — 0.05 0.07
Liver 1.30 0.20 0.16
Spleen 0.12 0.05 0.02
Sternum mmmm 0.20 0.05
1 refers to specific activity, fetus/specific activity,dam. 
later stages of fetal life.
Fetal femur shaft concentration of iron and iron-59 were unchanged 
between 9U and 11*1 days. Specific activity also was not significantly 
different in the final trimester.
Data listed for fetal organs and tissues of sheep seemed to indicate 
liver and spleen function in hemapoiesis to occur early in prenatal life 
with red bone marrow function becoming increasingly important during the 
second trimester. Therefore, hemapoietic function appeared to reach 
relative equilibrium in all tissues involved. These observations supported 
the implication noted in maternal sheep organs and tissues, that the 
second trimester of pregnancy in sheep appears to be most critical in terms 
of iron assimilation and utilisation.
Fetal-Maternal Specific Activity Ratios: These ratios in selected organs 
and tissues as a function of gestation age in sheep are presented in Table 
XXIV. Liver values showed a tendency for decreased relative turnover or 
mobility of iron between first and second trimesters of gestation. Spleen 
values indicated an increased turnover rate during the second trimester 
over the first, followed by a tendency to remain constant until 11*1 days. 
Sternum and muscle values tended to become lowered with increased fetal 
age. These data served to illustrate relative iron turnover in fetal 
organs of sheep to be at maximal levels earlier in gestation and relative
liu
Table XXV; Partition of Radio-iron and Total Iron in Maternal Organs and
Tissues of Sheep U8 Hours After Dosing.
. . . . .  . . . . . ITT ...W ... lhl .
Fe-59 £e 5le-59 Fe Fe-59 iTe Fe-59 Fe
Blood 56.0 206.0 50.0 217.3 U6.0 227.8 13.0 252
Liver 2.6 32 h 38 2.9 36 5.8 m
Spleen 1.1 22 1.1 16 0.8 21 0.6 11
Kidney
Amniotic
0.2 1.9 0.2 2.3 0.1 l.U 0.3 2
Fluid -- ----- .00U 0.8 .026 11 .015 32
Placenta o.U 9.5 1.7 13 0.5 28 o.U 25
iron turnover rate in these tissues became somewhat lessened with increased 
fetal age.
The partition of radio-iron and total iron in maternal organs and 
tissues of sheep U8 hours after dosing are shown in Table XXV. These values 
generally reflected equilibrium in iron assimilation and storage among 
maternal organs, with the exception of those in the fetal complex.
Blood total iron values were indicative of increased blood volume 
during advanced pregnancy, since concentration values were essentially 
unchanged. Liver iron-59 and total iron levels reflected a tendency for 
increased storage during late gestation, while spleen values implied the 
reversed tendency. Kidney iron and radio-iron tended to remain relatively 
constant throughout pregnancy.
Iron and iron-59 both increased in amniotic fluid between h7 and 9k 
days. The large increase noted in total iron during the final trimester was 
also shown to occur in swine, as previously discussed. Placental radio-iron 
content was shown to reach maximum proportions during the first trimester, 
and then to decrease and level off between second and third stages of 
gestation. Total iron content however, showed a progressive increase to 9h
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Table XXVI; Partition of Radio-iron and Total Iron in Fetal Organs and
Tissues of Sheep 1*8 Hours After Dosing.
U7 9U 11*1
■F e - 5 W Fe Fe-59* Fe Fe
Fetus 871* 2.27 3173 28.7 6585 123.0
Blood 2 i*l - 0.6 807 2.8 U590 15.7
Liver 26 0.3 230 1*.5 1*53 7.1*
Spleen 3 .009 1*0 0.3 61* 0.9
Kidney
-V -TT”
. . . 6 0.1 6 0.1*
*total percent dose, X10-U. ~~
days and then remained essentially unchanged.
It is noted that during the last trimester,only approximately^ 20 
percent of the total radio-iron was represented by these organs. It should 
be noted that the high iron-59 concentration values for bone tissues during 
this time probably account for the remaining radio-iron.
The partition of radio-iron and total iron in fetal organs and 
tissues of sheep 1*8 hours after dosing are listed in Table XXVI. These 
values reflected increased storage of both iron and iron-59 as pregnancy 
advanced.
Blood was shown to be the principle tissue of both iron and radio­
iron content in the sheep fetus at all three trimesters of gestation. The 
fetal liver, spleen and kidney followed in that order in relative contri­
bution to iron and iron-59 content in sheep fetuses.
From values listed in Tables XXV and XXVI, it was calculated that 
during the first trimester, the fetus represented U-9 percent of the iron- 
59 and ll*.l percent of the total iron present in the fetal complex. During 
the second trimester, these percentages increased to 37*6 and 1*2.3 percent 
respectively, while in the final stage of gestation, 60.8 percent of the 
iron-59 and 68.3 percent of the total iron in the fetal complex was
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represented by the sheep fetus. The sheep fetus, at lUl days, had an 
efficiency of iron utilization from the fetal complex of 68.3 percent.
Whole Fetus: A summary of information of iron in whole sheep fetuses as 
a function of gestation age is shovn in Table XXVII. Fetal length vas 
shown to double betveen day U7 and 9b while fetal weight was increasing 
ten times during the same period. Between second and third trimesters, 
fetal length again doubled, while fetus weight increased four and one- 
half times.
Total radio-iron in sheep fetuses increased progressively with in­
creased pregnancy. Total iron content, meanwhile, increased fourteen times 
from day U7 to 91* and four times between second and final trimesters. Some 
of this increase in iron content was attributable to simple increases in 
fetal weight, while some was undoubtedly due to increased total iron transfer 
across the placenta membranes with advancement of fetal life. Fetal sheep 
at D |1 days gestation were shown to contain an average of 123 mg' iron, or 
about the same amount observed in. the swine litter at a corresponding period 
of gestation.
Figure 7 shows radioautographs of femurs from two ewes and their 
fetuses at 9k and lUl days gestation. These were included for illustrative 
purposes and show deposition patterns and the relatively large accumulation 
of radio-iron in the red bone marrow of epiphyseal regions in the fetal 
femur, especially in second trimester fetuses. Since exposure conditions 
and time was similar,the relative distribution of iron-59 in bone between 
dam and fetus was illustrated in this figure.
Rate Study of Iron-59 Laydown in Maternal Tissue: With this information at 
hand, it was of interest to study the kinetics of iron transport across the 
placental membranes of sheep. Five pregnant ewes were selected for sacrifice
Figure Radioautographs of Maternal and Fetal Sheep Femurs During Second and Third Trimesters
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Table XXVII: Average Measurements of Whole Sheep Fetuses as a Function of
Gestation Age.
Days
Gestation
— Ho.”  """ 
Fetuses
Length
cm
Weight
gm
Total
Iron-591 Iron
U7 2 13.3 103 87U 2.27
±56 ±1.16
9U 29.0 101U 3173 28.70
±128 ±36.92
n a 5 55.2 U56U 6585 123.00
±U63 ±29.01*
1 percent dose, iron-59, corrected to 100 pound maternal body weight and 
to absorbed radio-iron, X10-U.
during the third trimester of pregnancy at varying intervals of time after 
dose administration. Animals were placed in individual metabolism units, 
given a single intravenous tracer dose of iron-59 chloride (citrated) and 
sacrificed at 12, 2 k , U8 and lUi hours post-dosing. At sacrifice, selected 
maternal and fetal organs and tissues were taken for radio-iron determin­
ations by conventional laboratory procedures.
A summary of radio-iron in maternal organs and tissues of sheep 
dosed during the third trimester of pregnancy are shown as a function of 
time after dose administration in Table XXVIII. Values reflected increased 
storage of iron-59 in blood throughout the lk k  hour period, and increased 
storage in blood-forming tissues until U8 hours.
Values listed for total blood indicated continuous uptake of 
iron-59 to occur with increased time. Liver radio-iron levels showed an 
early storage with depletion occurring to parallel increased blood uptake. 
Kidney iron-59 content and concentration reached peak levels U8 hours post- 
dosing, then decreased, im p ly in g that after 1*8 hours, turnover mechanisms
Table XXVIII: Summary of Radio-iron in Maternal Organs and Tissues of Sheep as a Function of Time After
Dose Administration. (3rd Trimester).
Hours Dose to Sacrifice
No. Animals 
Tissue
(i).........
12
Fe-59
.... (il
21*
Fe-59
' T 2T “
1|8
Fe-59
(1)
il*l*
Fe-59
. m 1 ...... Total g1"1 ___________ Total m 1 . . Total gml Total
Blood2 0.17 0.11 5.07 1.66 I42.8I4 13.69 201.19 65.08
Kidney 20.96 0.13 29.2li 0.17 35-97 0.21 I6.I46 0.07
Liver U2.09 3.56 U0.53 3.149 72.5h 5.UU 2I.6I4 1.75
Spleen 15.56 0.12 31.67 0.22 68.25 0 .I48 1*1*. 86 0.16
Muscle 1.38 2.1i3 --- 1.1*3 — 2.2U
Mamm.Tissue 12.05 18.87 ---- 18.66 — 12.02 ----
Placenta 2.88 0.15 6 .I4I 1.23 6.18 0 .I46 2.6I4 0.16
Sternum 61.60 ---- h53.82 --- 532.93 ----- 59.78 - - - -
1 percent dose, iron-59 > corrected to 100 pound maternal body weight and to absorbed radio-iron,.
no-1*.
2 calculated as percent dose per cc, multiplied by TBV.
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were replacing radio-iron in this tissue.
Muscle iron-59 levels remained constant, while the mammary tissue 
reached maximum levels at 2l*-l*8 hours, then decreased. Placental radio­
iron exhibited a similar pattern and attained peak levels at 21* hours. 
Sternum iron-59 values showed an increase with time until 1*8 hours, then 
declined at 11*1* hours. This showed a drain on sternal iron-59 for hema- 
poiesis during this period. These values showed that radio-iron was 
taken up in large quantities and stored in the red bone marrow. After 
1*8 hours, this iron from bone marrow stores was rapidly incorporated into 
newly formed red blood cells entering the peripheral circulation.
Rate Study of Iron-59 Laydown in Fetal Tissues: Table XXIV shows a 
summary of radio-iron in fetal organs and tissues of sheep as a function 
of time after dose administration during the third trimester. These values 
exhibited an increase in fetal radio-iron uptake and utilization with time. 
Between 21* and 1*8 hours, following dosing, was shown to be the optimum time 
for placental transport, as larger increases occurred here than at any 
other time.
Blood iron-59 levels exhibited the tendency for increased uptake 
with time until ll*l* hours. At the same time, liver values increased and 
showed continuous storage for this organ. Kidney levels increased with 
time indicating that storage was actively taking place. Radio-iron in 
fetal spleens increased to 11*1* hours as rapid storage was taking place 
in this fetal organ with increased time. Muscle levels were variable, 
while sternum exhibited increases in iron-59 concentration, indicating 
sternal contribution to erythropoiesis during this final trimester of 
pregnancy. Whole fetus iron-59 values were shown to increase with time.
Table XXIX: Summary of Radio-iron in Fetal Organs and Tissues of Sheep as a Function of Time After
Dose Administration. (3rd Trimester).
No. Fetuses 
Hours
(1)
12 iFe-591
(2)* 
2h iFe-591
■ (27.
I*8 ,
Fe-591
(1) 
11*1* , 
Fe-591
Tissue gm Total gm Total gm total gm total
Whole fetus 85 280 -- 671*3 --- 11,1*28
Blood 0.17 51 0.61 183 11.58 31*71* 11*. 80 l*l*l*o
Kidney 0.19 1 0.1*3 3 0.76 6 2.19 12
Liver 0.68 21* 0.68 3.12 265 U.78 1*06
Spleen --- ---- 1.21* 1* 7.10 97 9.1*1 197
Muscle 0.12 --- 0.39 ---- 0.13 --- 0.72 ----
Sternum 1.1*8 1*.67 5.1*8 37.71
1 percent dose, iron-59> corrected to absorbed radio-iron, H0~1*.
* these figures are average values for twin female lambs.
H
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These data indicated placental transfer of iron in sheep to be an 
active process and continued with increased tine. Radio-iron which tra­
versed the placenta at 12 hours was probably of plasma origin, but in­
creased transfer at later times indicated that major transfer occurred 
from iron which was deposited initially as body stores. This showed 
that iron must first be assimilated and metabolized by the maternal 
body before it became available for transfer to the fetus.
It should be noted that fetal radio-iron values listed at 2b 
hours were average figures for twin lambs. It was also noted at U8 hours, 
approximately the same iron transfer was measured in the sheep as compared 
with a litter of eight pigs. Therefore, it was of particular interest to 
note that iron-£9 transfer to twin lambs was essentially doubled over what 
would be expected for single lambs.
Placental transfer has been attributed, among other factors, to 
placental complexity. It would therefore be expected that more iron would 
traverse the placenta of the sheep than the swine. While this was shown 
to occur, the differences observed were not of the magnitude which might 
be expected.
SUMMARY;
Data showed the second trimester of pregnancy to be the most cri­
tical in maternal sheep with respect to iron assimilation and utilization. 
This was supported by observations that many maternal organs and tissues 
possessed a depletion and reduced relative iron turnover rates during this 
period. By the final trimester, storage and relative turnover rates had 
returned to levels comparable to first trimester values, indicating that 
after this critical period had passed iron assimilation in maternal organs 
and tissues returned to early pregnancy levels.
123
Fetal values exhibited the same general pattern, in that fetuses in 
the seeond trimester exhibited greater relative turnover or mobility of 
iron than later in prenatal life. Pattern of fetal hemapoiesis indicated 
liver and spleen importance early in fetal development, perhaps before 
the end of the first trimester. Tissues containing substantial amounts of 
red bone marrow became increasingly important in hemapoiesis during the 
second trimester of gestation and all tissues involved in erythropoiesis 
appeared to achieve equilibrium in final stages of fetal life.
Time studies of iron-59 during the third trimester exhibited large 
transfer to the fetus at increased time after dose administration. This 
indicated that body iron storage occurred previous to major transfer of 
iron to the fetus, and implied that while this iron may have been of 
plasma origin, some maternal tissues had initial priority over the fetus 
in iron storage.
Sheep fetuses at lUl days gestation contained 123 mg elemental iron. 
The average ewe in this study consumed 29.32 mg iron per day from diet­
ary sources, and the ewe retained an average of 7.3U mg per day. Therefore 
the transfer of iron to the fetus represented approximately 17 days ab­
sorption. It was calculated that, on the average, 0.9 mg elemental iron 
was transferred to the fetus per day to account for 123 mg accretion in 
lUl days. During the final trimester, there was approximately 180 mg iron 
in the fetal complex. Of this amount 123 mg (68.3 percent) was present in 
the fetus. This fetal efficiency of iron utilization from the fetal complex 
was noted to be somewhat higher than that observed for the fetal pig. If 
the ewe consumed only adequate iron for her needs, the added iron require­
ment of pregnancy would therefore be about 5.0 mg additional iron from 
dietary sources per day to meet the demands of the fetal complex under 
conditions of this study.
GENERAL DISCUSSION
MECHANISMS OF PLACENTAL TRANSFER:
Various theories have been postulated in an effort to explain the 
phenomenon of placental transport. Certain mechanisms have been postulated 
(Aikawa and Bruns, I960) along with hormonal influences (Reynolds, 191*9), 
as well as classical theories dealing with simple diffusion.
Figure 6 represents the total iron concentration gradients between 
placenta, fluids and fetuses in swine and sheep from this study. Swine 
figures indicated that iron which passed from placental membranes to fluids 
did so against a pronounced concentration gradient, but that iron passing 
from the fluids and placenta into the developing litter had the aid of a 
concentration gradient. Sheep values, however, indicated that iron in pla­
cental membranes passed to the fluids with a concentration gradient, but 
iron passing to the fetus from the fluids did so against a concentration 
gradient.
Relative concentration gradients of radio-iron between dam and fetus 
of swine and sheep are illustrated diagramatically in Figure 7, U8 hours 
after dose administration. Although relative magnitude differed, concen-
A
tration gradients exhibited similar patterns in both species. Osmotic 
forces caused a flow of iron from dam (blood) to placenta and thus into 
placental fluids in both instances. Radio-iron passing into the fetal 
membranes did so against a concentration gradient, exerted outward from 
the fetus.
Data indicated that with respect to iron concentration gradients, 
a fundamental difference was present between swine and sheep. In swine, 
transfer of iron to the fetal organism could have been due to flow with a
121*
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Placenta (20U)
<P Fluids (306) /Nriatter V L
Swine
Placenta (32)
Fluids (17)
Fetus r f ^ V
Sheep
Figure 6: Total Iron Concentration * Gradients Between Placenta and 
Fetuses of Swine and Sheep.
* expressed as mg/gm, X10_3, third trimester.
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Sow ..(100)
Placenta (6.7)
Fluids (2.2)
L Litter r— -^^T
P  (6.9)
O
Placenta (7.9)
Fluids(0.08
Figure 7? Radio-iron Concentration * Gradients Between Dam and Fetus of 
Swine and Sheep. (U8 hours after dose administration.)
^expressed as percent dose per gram, XIO-h, third trimester.
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Table XXX: Relative Radio-ir©** Concentration in Selected Maternal Organs
and Fetuses, 1*8 Hours After Dose Administration.
Species s s s r - Spleen Kidney ftaceSTa ' • T 5 S 5
Rat 1550 9250 1080 2630 8UU
Opossum 70 50 30 53
Swine 17 15 h 1 0.6
Sheep 12 8 5 1 0.1
1 expressed as percent absorbed iron-59 per Kg of tissue.
favorable gradient, while in sheep, transfer had to occur against a pro­
nounced concentration gradient. Some of these inherent differences may be 
explained by the fundamental structural difference between the placentae 
of swine and sheep.
Table XXX lists the percent radio-iron in selected maternal organs 
and fetuses of the four species utilized, expressed in terms of percent 
absorbed dose per Kg tissue. The rat was shown to possess the highest iron- 
59 concentration in all tissues listed, followed- by the opossum, swine and 
sheep in that order. It was of interest to note the high relative radio­
iron concentration in the placenta of the rat as compared to swine and 
sheep. Also noted was the progressive decrease in iron-59 concentration in 
fetuses of the four species.
COMPARATIVE PLACENTAL TRANSFER OF MINERALS;
Studies utilizing radiochemical procedures have been reported on 
placental transfer of several mineral elements, as indicated in the Litera­
ture Review. However, each investigator reported findings deemed most ad-
vantageous, and consequently comparative evaluation of these studies has 
been a difficult and time-consuming task.
Hypotheses set forth have indicated placental transfer to be a 
function of physical membrane characteristics and/or molecular site. Some 
attempted to shov trends in support of these theories from the standpoint 
of their own data, but none combined available information for comparative 
evaluation. In order to accomplish this, data from the literature were 
combined with that obtained in this study, and values recalculated to a 
common basis. The evidence presented of the comparative effects present a 
clearer understanding of the various concepts of placental transfer. Data 
were calculated to percent retained dose of radioactivity per Kg fetal 
weight.
It was noted in General Procedures that presently five categories 
of placentae are recognized, divided according to number of tissue layers 
separating fetal and maternal blood. The hypothesis that placental transport 
was a function of physical permeability as reflected by the number of 
placental membranes has been mentioned. To obtain a closer look at the 
validity of this hypothesis, data were obtained from several mineral ele­
ments in species representing the five placental types and were recorded 
in Table XXX with reference listings. Respective animal species were grouped 
according to placenta complexity, the most complex listed first and simp­
lest last. Data listed for sodium-21; and iron-f>9, illustrated the trend for 
relative placental transfer to increase with decreasing number of placental 
membranes. The remainder of the table lists values expressed for a single 
placental type and represented effects on relative transfer rates. It was 
observed that placental transfer of a given element appeared to bear an 
inverse relationship to physical membrane characteristics.
Table XXXI: Transfer* of Selected Mineral Elements Across the Placental Membranes.
Species
2UN u Fe*9 C.W I131 If28...Mg... Zn6* S3* P32
Swine 6.10(1 0.59^2
Sheep
Goat 120
0.10(3
Cat 310^
Human 1.12(6
Opossum
Guinea Pig 10,500(® 
Rabbit l5,000)1?; 
Rat lUjisoC1^
534o(7
480(12
8 4 (l6 480 (17
hoo(9
4o(i^
850(10
l68o(19 191^20
expressed as percent absorbed dose per Kg. fetus
1. Gellhorn et al., 19lil.
2. Current study.
3. Current studv.
4  Flexnor arid Gellhorn, 19^2.
9. Pohl and Flexnor, 19&1.
6. Pommerenke et al., 19^2.
7. Current study.
8. Flexnor and Gellhorn, 19^2.
9. Logothetopoulos and Scott, 1956.
10. Wilde et al., 1956.
11. Flexnor and Gellhorn, 19U2.
12. Bothvell et al., 1958.
13. Logothetopoulos and Scott, 1956.
4 .  Aikawa and Bruns, I960.
15. Flexnor and Gellhorn, 19l|2.
16. Current study.
17. Feaster et al., 1956.
18. Logothetopoulos and Scott, 1956.
19. Feaster et al., 1955.
20. Feaster and Davis, 1962.
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Table XXXII:Relative Transfer of Selected Minerals in Pregnant Rats as 
a Function of Anion-Cation Properties.
Mineral Rel. Charge Transfer ^
positive
positive
positive
posotive
positive
1687
1172
1U80
lliO
13225
CaU5
Mg28
Na2i*
p32
negative
negative
negative
U5o
191
85o
1 expressed as percent of absorbed dose per Kg. fetus.
The question could arise as to whether or not relative transport 
rates exerted any relationship to anion-cation properties of elements.
Table XXXII lists the average transfer of selected mineral elements across 
the most simple placental type. It seemed reasonable to expect a relation­
ship due to possible influences of ionic balance or to influence of rel­
ative membrane charge. A slight tendency was noted for cations such as Ca
and P, to exhibit greater capacity to traverse the placenta than anionsj 
as iodine, but actual significance of this trend was not entirely clear.
Another hypothesis postulated was that placental transfer had a 
relationship to physical molecular or ionic size. Transfer of selected 
mineral elements as a function of ionic size listed in Table XXXIII.
While no absolute direct relationship was noted, there was observed a
definite tendency for placental transfer to increase with decreased ionic
radius, such as with Na-2U, Fe-59 and Zn-65. Therefore, placental transfer 
would appear to bear an inverse relationship to molecular or ionic size. 
These observations further supported the hypothesis that placental transfer
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Table XXXIII: Transfer of Selected Mineral Elements Across 
as a Function of Ionic Size.
the Placenta
Mineral Ionic Radii, A Transfer-
x131 2.16 U50
P32 2.16 850
S35 1.81* 191
CaU5 0.99 11*80
Na2l* 0.95 13225
F e g 0.80 1172
ZnbJ 0.7k 1687
Mg28 0.65 11*0
1 expressed as percent absorbed dose per Kg. fetus, rat. 
was a function of placental permeability.-
The conclusion w as drawn from these data and observations that the 
phenomenon of placental transfer could not be ascribed to any single chem­
ical or physical criteria. Instead, it is postulated that placental transfer 
of any given substance depends upon a combination of several factors, each 
contributing to the overall rate and quantity transported to the fetus.
IRON REQUIREMENTS FOR PREGNANCY:
Rat litters at time of birth accumulated approximately 23 percent 
of the total injected dose of radioactivity representing 1.51 mg elemental 
iron accretion in the litter. This quantity represented a transfer of 0.05 
mg iron per day to developing rat litters. Maternal rats, on feed utilized 
in this study had 0.085 mg iron available for placental transfer from 
dietary sources, assuming 10 percent absorption, and 23 percent of the 
retained iron was available for transport. It was calculated therefore, 
that an additional 2.1 gm of feed was required per day in order to con­
sume adequate iron from dietary sources to meet demands of pregnancy.
Fetal opossum litters deposited 5.61 mg iron at the final stages
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of gestation, representing 0.20 mg iron transfer to the litter of five 
per day. Of the total injected iron-59, the opossum litter had accumulated 
7.2 percent, and with an intake of 20 mg, assuming 10 percent absorption, 
it could then be calculated that O.ll* mg elemental iron was available for 
placental transfer from dietary sources. The added iron requirements of 
pregnancy in the opossum therefore could be supplied from 5.5 gm feed, 
of the type utilized for the animals on this study. It was observed, 
that less iron was theoretically available for placental transfer in 
this species than was actually accreted in fetuses. This implied that 
a part of the total iron transferred came from endogenous sources.
Litters of swine fetuses had an accretion of 120 mg elemental 
iron, representing I*.56 percent of the injected dose of radio-iron at 
time of parturition. This was converted to 1.11* mg iron for transfer to 
the litter per day from the maternal organism. It was calculated that U.3U 
mg was available for placental transport per day from dietary sources, 
assuming 10 percent absorption of ingested feed. It was noted that far 
more iron was theoretically available for transport across the placenta 
than that amount which was actually accreted in the litter. It was calcul­
ated that the added iron requirements of pregnancy in swine could there­
fore be supplied by an additional 25 gm feed.
Sheep fetuses had deposited 0.65 percent of the absorbed dose of 
radioactivity by the third trimester of pregnancy. This was equal to 123 
mg elemental iron or a transfer of 0.9 mg per day of elemental iron. Eves*, 
in this study had an average intake of 29.3 mg iron per day, and assuming 
10 percent absorption, it was calculated that 0.07 mg iron was available 
for fetal accretion from dietary sources. It was noted for this species, 
that far more iron was actually deposited in the developing fetus than
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that amount calculated to be available for transfer indicating transfer 
to occur from dietary rather than endogenous sources. It was postulated 
that an additional 6$ gm <yf feed supplied the iron necessary to meet 
added demands of pregnancy.
It was expected that iron requirements in pregnancy would be a 
function of physical size and weight of the litter or fetus, and also a 
function of length of gestation. These observations supported this 
hypothesis in addition to showing a pattern in relation to placental 
membrane characteristics.
SUMMARY AND CONCLUSIONS
Increased recent interest in fetal nutrition and the ever-prevalent 
problem of baby pig anemia were justifications for this study involving 
maternal-fetal tissue distribution and placental transfer of iron in 
swine and sheep. This problem spanned all species of animals, including 
man, from the nutritional and physiological point of view. Results drawn 
from this study may aid in obtaining a clearer understanding of the 
problem of anemia, and for obtaining a more thorough knowledge of fetal- 
maternal iron metabolism during pregnancy.
Results indicated distribution of radio-iron in maternal organs 
and tissues to follow similar patterns in all species studied. Red blood 
cell uptake of iron-59 was observed to follow essentially the same 
characteristic curve. In most instances, pregnancy exerted no pronounced 
effect on pattern of iron deposition and storage in maternal organisms. 
Excretory patterns of iron were characteristic and exhibited no statis­
tical change during pregnancy.
Iron was shown to traverse the placenta with relative ease in all 
species studied at each respective stage of gestation. Observations implied 
a greater rate of iron accretion early in prenatal life, followed by dilu­
tion by growth with advanced fetal age and increased organ and body weight. 
Deposition of iron in fetal organs and tissues was observed to parallel 
maternal organs and tissues at corresponding trimester. The pattern for 
fetal hemapoiesis indicated early importance of liver and spleen, and the 
role of the red bone marrow increased with advancing pregnancy. Theoret­
ical iron requirements for pregnancy were calculated for these species to 
aid in a better understanding of various factors influencing placental
13U
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transfer. Perhaps a decrease in utilisation of storage iron could be a 
causative factor involved in baby pig anemia, and if rate of hemapoiesis 
was increased for the first few days of fetal life, conventional practices 
of iron therapy could be discontinued.
Plasma has been regarded as the primary vehicle of placental trans­
port, and while this may be true, maternal body storage of iron seemed to 
occur prior to major fetal deposition in sheep. It would seem advantageous 
to conduct similar time studies in different species at each trimester in 
order to firmly establish the kinetic pattern of iron placental transfer.
The data from this study would indicate, therefore, that rate and 
quantity of placental transport must be attributable to a multitude of 
interrelated factors, each contributing to the net iron traversing the 
placenta. There is urgent need for additional research in both chemical 
and physical phases of this problem before our understanding of the subject 
can be regarded as reasonably complete.
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